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IMPORTANT 

NOTICES 



This product was developed by 

Centre Commun a ttuaes oe 
Telecommunications (CCETT). 

Numero de marche : M4643W- 

Information contained in this 
publication is believed to ^ accurate and 
reliable. However, responsibility is 
assumed neither for its use nor for any 
infringement of patents or rights of 
others that may result from its use. n 
Scence is granted by implication or 
Sherwise under any patent or patent right 
of Texas Instruments or others. 
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PREFACE 

This document is a guide to the use 
family of Video Display Processors (VDP's). 



of the TMS3556 



It is intended to be autonomous by containing all 
pertinent details of specification, operation, application and 
characteristics of the VDP family of devices. With the possible 
exception certain documents relating to specific detailed 
applications it is intended that this users manual contain all 
necessary information for the system engineer designing around 
one of the VDP family devices. As such, it replaces all 
preceding documention, and may in some cases render the latter 
obselete, erroneous or both. 
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PIN ASSIGNMENT 

The pin assignement of the TMS3556 Video Display 
Processor is shown in Figure 0.1 and a brief functional 
description of each pin is given in Table 0.1. 

These two items are placed immediately at the start of 
this users guide for ease of reference. 



FIGURE 0.1 ! TMS3556 VDP PIN ASSIGNEMENT 
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TABLE 0.1: TMS3556 VDP PIN DESCRIPTION 



| PIN NAME ! PIN NO. | DESCRIPTION 



MPO 
MP1 
MP2 
MP 3 
MP 4 
MPS 
MP6 
MP7 
El 
E2 
RWM 
READY 
B 
G 
R 
I 
SCM 
SLL 
SCT 
DO 
Dl 
D2 
D3 
DA 
D5 
D6 
D7 
RAS 
CAS 
WR 
OE 
HMP 
HIZ 
ODE 
ODS 
OBE 
OBS 

Vgg 
Vdd 

Vss 



37 

38 

39 

40 

2 

3 

4 

5 

26 

27 

11 

15 

35 

34 

33 

32 

36 

31 

30 

25 

24 

23 

20 

19 

18 

17 

16 

7 

6 

8 

9 

12 
10 
14 
13 
28 
29 
1 
22 
21 



CPU to VDP address 
and data bus 

MPO Is the MOST 
significant bit 



\ CPU to VDP access I 

/ control signals I 

CPU data write stobe I 

VDP to CPU ready signal I 

Blue output i 

Green output 1 

Red output I 

Incrustation output I 

Composite sync output I 

Line sync input or output | 

Frame sync input or output [ 

! 

| VDP to memory I 

\ address and data bus j 

/ i 

j DO is the MOST 1 

| significant bit I 

/ I 

Row address strobe I 

Column address strobe ! 

Memory write strobe I 

Memory output enable i 

Data provider access request | 
Data provider access grant . 
DMA oscillator input 
DMA oscillator output 

Time base oscillator input | 

Time base oscillator output I 

5 volt power supply j 

3 volt power supply ! 

| Power supply ground I 
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1 INTRODUCTION 

1.1 Description 

The TMS 3556 Video Display Processor (VDP) is designed 
to enable the construcion of low cost, high performance video 
display terminals including those used in teletext and vidoetex 
type applications. 

The VDP generates individual red, green, blue (RGB) and 
synchronisation (SCM) signals suitable for display on a raster 
scan colour or monochrome video display monitor or domestic 
television set. A fast switching, or incrustation signal (I) is 
also generated to enable mixing of the VDP output with an 
external video signal such as an off-air broadcast, VCR output 
or another VDP. 

Modes of operation, display and addressing are directly 
programmable by on chip control registers. Characteristics of 
displayed characters, screen format, video signal timing 
etc. are programmable by a single mask level change. Several of 
these mask programmed variants exist as standard products and 
are described in section II. The body of this document deals 
exclusivly with the 'standard' VDP identified by the term 'moat 
programming XA 8628 . 

The VDP supervises and controls a video display memory 
(VRAM) of up to 6AK bytes. Automatic control signal generation 
and transparent refresh of dynamic random access memories 
(DRAM's) allow large memories at very low cost. High speed 
request and access grant signals are provided to allow fast 
external data input to the memory block without affecting VDP 
display operation or picture quality. 

Manipulation of data within the VDP's memory and 
programmatlon of internal VDP control registers is accomplished 
via the independant processor interface. This is designed to be 
transparent to VDP display operation and does not affect picture 
stability. 



1.2 Display formats 
1.2.1 Bit-mapped mode 

Bit-mapped mode is designed for terminals producing 
alpha-geometric type displays. 

Each dot on the display screen, typically 320 points by 
250 lines, is individually programmable in one of eight colours. 
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1.2.2 Text mode 

Text mode is designed for terminals producing alpha- 
mosaic type displays. 

The screen is composed of typically 25 rows of 40 
characters. The characters may be alpha-numeric or block 
graphic. Characters from up to four independant character 
generators each containing 128 different characters are allowed 
on one display screen. 

Characters may be flashed, inversed, underlined, 

masked, displayed in double width, double height or double size. 

They may also be superimposed onto an automatically synchronised 
external video signal. 



1.2.3 Mixed mode 

The above two modes of operation may be mixed on a line 
by line basis on the same screen. Since text mode requires less 
memory space than bit-mapped mode, this mode enables economy of 
VRAM in applications where full bit-map is not required over the 
whole screen. 

1.2.4 Subtitling mode 

Subtitling mode is a mode in which the vertical size of 
the active area of the display is greatly reduced, typically to 
three lines of text, and is displayed at the bottom of the 
active frame. This would normally be used in conjunction with 
the incrustation attribute to overlay text in a subtitling 
manner on to an external video image. 

The display memory required for this mode of operation 
is greatly reduced as a consequence. 
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II 



1.3 Features 

- Single chip Video Display Processor 

- Generation of RGB signals for TV display 

- Composite sync output for standard TV's 

- Frame and line sync outputs for direct drive CRT's 

- External syncronisation capability 

- Direct control and refresh for DRAM'S 

- Transparent asynchronous direct memory access 

- Asynchronous transparent CPU access to display memory 

- High speed memory input channel for teletext data 

- Up to 64K bytes of directly addressable video memory 

- Text, bit-mapped, mixed and subtitling modes 

- Compatible with 4, 8 and 16 bit processors 

- 3 and 5 volt power supplies 

- 40 pin plastic package 



1.4 Typical applications 

- Teletext /Videotex receivers and adaptors 

- Home computers 

- Games terminals 

- Point-of-sale terminals 

- 40/80 character video display terminals 

- Low/medium resolution CAD/graphics terminals 

- Process control terminals 
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2 SYSTEM ARCHITECTURE 

Figure 1 shows a block diagram of a typical application 
of the TMS3556 VDP as it could be used in a teletext receiver. 

The interface between the VDP and the external system 
can be divided into six major sections: CPU, memory, data 
provider, display, oscillators and power supply. 

This section describes each of these interfaces in 
turn. 

2.1 CPU Interface t 

2.1.1 Control signals 

The signals comprising the CPU/VDP Interface are as 



follows : 



El & E2 - VDP interface enable signals. 

These two signals combined enable 
the CPU/VDP interface and define the type 
of access cycle being performed by the CPU 
as shown in Table 2.1. 



TABLE 2.1 - CPU/VDP ACCESS CONTROL FOR DATA TRANSFERS 



| Operation 


El 


| E2 


RWM 


MP bus state 


| Inactive 
j Read VDP register 
! Write VDP register 
[ Write VDP memory 
j Read VDP memory 


1 R 
1 L 
i L 

| H 

! L 


1 H 
j H 

1 H 

j L 
1 L 


X 

H 

_1_L 
1 1 

H 


High-z 

Output 

Input 

Input 

Output 



X indicates any state, including transitions 



RWM 



CPU data write strobe. 

This signal Is used to strobe data 
into the VDP from the data bus for CPU 
write cycles. 
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MPO-7 - Microprocessor /CPU to TOP 8 bit data bus. 

These eight signal lines are used 
for bi-directional transfer of data and 
addresses between the CPU and the VDP. The 
bus carries data from the CPU destined for 
either internal TOP registers or TOP memory 
in the case of a write cycle, or data from 
the VBP's memory or status register in the 
case of a read cycle. 

NOTE : Contrary to the convention used in 

some processor based systems, MPO is the 

MOST significant bit of the CPU-TOP data 

bus, and MP 7 the LEAST significant. 



READY - VDP to CPU ready acknowledge signal. 

This line is used by the VDP to 
signal the CPU that data on the MP bus is 
valid in the case of a read cycle or that 
the VDP is ready for a new access cycle 
following a write to VDP memory or base 
address register. 



Figures 2.2, 2.3, 2.4, 2.5 & 2.6 show the action of 
these signals for each type of access cycle. 



2.1.2 Write to control registers 

FIGURE 2.2- WRITE TIMING TO CONTROL REGISTERS 



El 



E2 



-\ r 



RWM ~~~ \_ 



READY 

MPO-7 XXXXX< Valid write data >XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
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2.1.3 Write to base address regist* 



FIGURE 2.3- WRITE TIMING TO BASE ADDRESS REGISTERS 



El 



E2 



RWM 



READY 



"\ 



r 



MPO-7 XXXXX< Valid write data >XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

2.1.4 Read from status register 

FIGURE 2.4 - READ TIMING FROM STATUS REGISTER 
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2.1.5 Write to VDP memory 

FIGURE 2.5 - WRITE TIMING TO VDP MEMORY 
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RWM 



READY 



MPO-7 XXXXX< Valid write data >XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 



2.1.6 Read from VDP memory 

FIGURE 2.6- READ TIMING FROM VDP MEMORY 
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2.1.7 VDP initialisation 

The VDP is Initialised by programming control register 
CMl. There is no hardware reset implemented in the device. 
Programming CMl (with any value) has the effect of halting all 
VDP operation - i.e the display is disabled and the VDP ceases 
to refresh DRAM. The various line, row and frame counters are 
also reset to zero and held In this state although both the time 
base and DMA oscilators continue to run. 

VDP operation is restarted when any of the base address 
registers are programmed. 
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VDP initialisation would typicaly continue with the 
programation of the other control registers CM2 to CM4 followed 
by initialisation of the relevant base address registers. 

VDP initialisation is discussed in more detail in 



section 3 



2.2 VDP/memory interface 
2.2.1 Control signals 

The control signals comprising the VDP interface to RAM 
are essentially designed for Dynamic Random Access Memory (DRAM) 
although with suitable adaption they can be used to drive static 
RAM, ROM or PROM. " 

The signals are RAS, CAS, WR, OE and D0-D7 and are 
described below: 



RAS 



Row Address Strobe. 



The low going edge of this signal 
indicates that a valid row address is 
present on the DO to D7 bus and is used to 
latch this address into the memory. The 
active low level thereafter acts as a chip 
enable signal for the memories. 



CAS 



- Column Address Strobe. 



WR 



The low going edge of this signal 
indicates that a valid column address is 
present on the DO to D7 bus and is used to 
latch this address into the memory. The 
active low level thereafter acts as an 
output enable for some memory systems. 

- Write strobe. 
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The low going edge of this signal 
indicates that valid write data is present 
on the DO to D7 data bus and is used to 
latch this data into memory. 
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OE - Output Enable. 



The active low level of this signal 
indicates Chat the VHP his pieced ita HO to 
JJ7 bus ±ti the high impedance input mode 
ready to accept data from the Memory. 



DO _ U7 _ Memory sddreas/data bus 



The a bit multiplexed address And 
data bus used to transfer the ic» and 

tolunm adresHea ta the memory and the data 
to and from the memory. 

NOTE : Contrary to the: convention used in 

some processor based systems, DO is the 
MOST significant bit of the TOP - memory 
bus, and D7 the LEAST significant- 



2.1.2 Metaory types 

The THS3556 VDP interface control signal* as described 
in paragraph 2.1 are directly compatible with most currently 
available dynamic Tfiemories including the 4164 {&4K by 1), the 
4416 (lfiK by 4) the 440B {8K by 4> end the 4116 (16K by 1). With 
a suitable interface some static memories may also be used, as 
described in section 5, al though except in the ease of 
relatively finflll memory requirements this alternative is rarely 
cose effective. 

The differences in internal VDP register programing to 
comply with the differing address structure of the above 
memories are described in section 3. 



2.3 VDP/data provider interface 

2.3,1 General 

The term 'data provider* is used in this unera guide in 
a General sense to indicate, any device or system used to input 
data directly to the VDP's memory system- This action takes 
place under the full supervision of the WF and control of the 
CPU. The Interface can be considered similar to a DMA channel in 
a normal p recess or-menory system. Although it toay only write 
data one byte st a time and into a tone defined by the VDF. 

The datB provider itself may be a teletext packet 
identifier, videotex HART, or another processor. 
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2-3.2 Interface control signals 

The data provider uses the sane data bu& as the WP 
■emory system. Two handshake lines IMF and BIZ control the 
TOP /data provider interface. HHP is the data provider access 
request line and signals the TOP that the former has a valid 
byte of data ready for transfer Into the TOP 'a memory. The TOP, 
upon granting the access request signals this fact with a low 
level on the H12 lino. The tinting of the date provider write 
cycle is shown In figure 2.7 



Figure 2.7t TOP /Data Provider Interface: Timing 
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2.4 TOP/TV interface 

The TOP/TV interface carries the red, green end blue 
CRGB) colour picture information from the TOP to the television 

or CRT BOnitar. 

The interface also carries three synchronisation 
signals, t«o of which art bidirectional and are used to 
synchronies the display CRT to the TOP or vice versa. These 
signals are described below: 



SCH 
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- Composite syne output. 

SCH Is an output only signal and 
carries CCIR compatible composite line and 
frame synchronisation inforoatioTV when the 
VDP is progr sunned in internal sync mode, 
this signal can either be- used directly to 
drive the syne Input of a monitor or TV or 
combined with the RGB information via a 
suitable colour encoder to generate a 
composite video signal. 

2 - 8 
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The state of SCM is undefined when 
the VDP is programmed in external sync 
mode. 

SCM is an open drain output. 



SLL - Line sync input/output. 



SLL is a bidirectional signal 
carrying the line synchronisation 
information to or from the TV depending 
upon the programmed mode of the VDP. 

SLL is an open drain output or high 
impedance input. 



SCT - Frame sync input /output or composite sync 
input . 

SCT is a bidirectional signal which 
either carries frame synchronisation 
Information to or from the TV or composite 
sync from the TV depending upon the 
programmed mode of the VDP. 

SCT is an open drain output or high 
impedance input. 



The final signal making up the VDP/TV interface is the 
fast switching or Incrustation signal I. 

The state of this signal is controled by information 
contained in the page display memory and depends upon the 
programmed mode of the VDP. It can be used as a video overlay 
control signal to superimpose or incrust RGB information from 
the VDP into an external video signal as in the case ot 
teletext, or it may be used to switch between two possible 
colour palette memories for greater colour control. 

Use and programmation of this signal is described in 
section 4. 
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2.5 Oscilators 

The VDP contains two on-chip oscillator circuits: DMA 
and the Time Base. Both oscillators are configured as Colpitts 
LC oscillators as shown in figure 2.8. 



Figure 2.B: Simplified Oscillator structi 



l\ 
I \ 



ODE/OBE 



"I >0 ! > To rest of VDP 

I / I 
1/ I 
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! 



ODS/OBS 
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C2 



Used in this way with an inductor and two 'capacitors 
the nominal frequency can be calculated from the formula below: 



. / LC1C2 

2 // / 

V C1+C2 



As an alternative to using inductors and capacitors a 
ceramic resonator may be used or the input sides (OBE & ODE) of 
the oscillators may be driven from an external clock. For more 
details refer to section 6. 
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2.6 Power supply 

The VDP requires two independent power supplies 
(although one can be generated from the other externally). 

The large majority of functional elements in the VDP 
are powered by the 3 volt Vdd supply. The latter is less than 
the conventional 5 volts in order to reduce the devices power 
dissipation and hence operating temperature. 

Two sections of the VDP are powered by the 5 volt Vgg 
supply; these are the input/output buffers and the DMA and 
memory controller. The former is to maintain TTL signal level 
compatibility, and the latter is because these sections operate 
at much higher frequencies than the rest of the device. 
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3 VDP INTERNAL ARCHITECTURE 



3.1 General 

Figure 3.1 shows a block diagram of the internal 
architecture of the VDP. The latter is composed of four major 
sections: CPU control and interface, display controler and 
attribute decoder, DMA controler and memory timing generator, 
and the timebase and synchronisation logic. 



3,2 CPU interface section 

All comunication between the CPU and the VDP passes via 
the CPU/VDP interface as described in paragraph 2.1. 

The CPU needs to access the VDP for one of the 
following reasons: 

- Program VDP operational parameters (command registers) 

- Program VDP memory organisation (base addresses) 

- Read; from the data buffer or page memory 

Write to the page memory or character generators 

- Read VDP status 



3.3 On-chip registers 

The VDP contains 16 registers accessable by the CPU. 
One of these is the read only status register, the others being 
write only. Table 3.1 shows the registers together with their 
access addresses. 
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TABLE 3.1: ON-CHIP REGISTERS 



1 ADDRESS 


1 REGISTER 


| CONTENTS | 


i 


REGISTER POINTER 


t REGISTER ADDRESS f 


I 1 


1 COL 


[ LS BYTE ADR BUFFER | 


i 2 


ROW 


MS BYTE ADR BUFFER | 


I 3 


STATUS 


VDP STATUS INFO j 


i 4 


CM1 


TIME BASE CONTROL | 


i 5 


CM2 


DECODER CONTROL | 


1 6 


CM 3 


MODE S. MEMORY CTL j 


1 7 


CM4 


FULL PAGE ATTRIBS f 


1 8 


BAMT 


START OF BUFFER | 


1 9 


BAMP 


CPU ADDRESS REG j 


1 10 j 


BAPA 


START OF DISPLAY [ 


111 | 


BAGCO 


CHARACTER GEN NO.O| 


1 12 | 


BAGC1 | 


CHARACTER GEN NO.Ij 


1 13 | 


BAGC2 | 


CHARACTER GEN NO. 2 I 


1 14 | 


BAGC3 | 


CHARACTER GEN N0.3| 


1 ^ 1 

* 


BAMTF | 


END OF BUFFER | 



Essentially the CPU may make two types of access to the 

TOP: access to internal registers or access to the external RAM. 

The type of access is defined by the code on the El and E2 
enable lines as shown in Table 3.2. 



TABLE 3.2 



CPU - VDP ACCESS TYPES 



El 



E2 



OPERATION 



I Interface inactive (MP bus high-z) 
I Access to on-chip registers 
| Write to external VDP memory 
| Read from external VDP memory 



In addition, any operation involving a transfer of data 
from the CPU to the VDP, i.e. a write to an internal register or 
VDP memory is accompanied by a low-going pulse on the CPU write 
data stobe line RWM. 



Timimg diagrams for each 
section 2. 



type of access appear in 



The 16 on-chip registers are all accessed via the first 
register in the block - the register pointer. Any access to the 
on chip registers, i.e. an access with E1=0 and F,2=l, will 
access the register indicated by the contents of this pointer. 
The latter is shown in Figure 3.2 
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FIGURE 3.2: REGISTER POINTER CONTENTS 



RT8 j RTA | RT2 | RT1 | AC8 | AC4 | AC2 | AC1 f 



The least significant nibble, AC8-AC1, contains the 
address of the register to be accessed. Note that if the value 
of these four bits is zero, then the pointer will in fact be 
pointing to itself. This condition is necessary if the pointer 
contents are to be changed. 

The most significant nibble, RT8-RT1, contains what is 
termed the 'return' address. These four bits are copied into the 
least significant nibble following the access and are normaly 
programed to zero so that the pointer points to Itself after the 
access allowing its contents to be modified. 

Any memory access performed by the CPU, i.e. either of 
the accesses with E2=0, resets all eight bits of the register 
pointer to zero. 



3.3.1 Programming registers 1 to 7 

Registers 1 (COL) to 7 (CM4) are all eight bit 
registers and .may be programmed (excluding register 3 -the 
STATUS register) by setting the pointer to address the desired 
value and then writing the required data to the TOP. 

As an example, consider the action of writing to 
registers COL (address=l) followed by ROW (address=2) . Assume 
that the contents of the pointer are initially zero. The 
sequence of events is as follows: 
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1. Initial state 

2. Perform a register 
access with the value 
of >01 on the data bus] 
(Pointer now points 

to COL) 

3. Return to inact. state | 

4. Perform a register 
access with the value 
of COL on the data bus) 

5. Return to inact. state | 
(Pointer returns to 

zero) 

6. Register access with 
>02 on data bus 
(Pointer now points 

to ROW) 

7. Inactive state 

8. Register access with 
the value of ROW on 
the data bus 

9. Inactive state 
(Pointer returns to 

zero) *- 



1 El 


j E2 


I RWM 


| MP bus 


| Pointer | 


j 1 


| 1 


| 1 


| high-2 


1 >00 | 


1 o 


| 1 


M_F 


I >01 


1 >01 | 


= 1 1 


[ 1 


1 


[ high-z 


>01 [ 


1 o 


1 


~u~ 


<col> 


>01 | 


| 1 


1 


i 


high-z 


,>00 | 


! o 


1 


~Lf 


>02 


>02 I 


1 i 


1 


i 


high— z 


>02 1 


1 ° 


1 


~U~i 


<row> | 


>02 1 


i i 1 


I | 


1 1 


high-z | 


>00 j 



The register COL and ROW now contain the desired values 
and the pointer has returned to zero ready for a new access. 

The sequence shown above uses the return address RT8- 
RT1 to clear the pointer after each access. Although this is the 
simplest technique of register programming, it is also the 
slowest. The fact that the contents of RT8-RT1 are copied into 
AC8-AC1 following each access may be used to reduce the number 
of operations required. Consider the following sequence: 
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!, Initial state 

2. Perform a regi&tet 
access with Che value 
of >j] on the list a bus 

(Pointer neu points 
to COL) 

3. Return to lnact- state 

4. Perform * resist er 
access with the value 

of COL on the {fata bug 

S* Return to ifioct . state 
(RTB-RTi have been 
copied into AC3-AC1 
and the pointer now 
points to ROW) 

6. Register access with 
the value of ROW on 
the data bus 

7* inactive state 



El | E2 | 11WM | HF bu | Pointer 



1 I I I 1 

I I 

I L _ 

o I i I IJ 
I I 
l l 
l l 



i 



] l j 



i [ LI 



i I i 



L 
i I L 
I 
I 

2 I 1 



high-z 
>2I 

high-i 

<eol> 

hlgh-t 



<row> 



high-* 



>00 



>Z1 



>Z1 



>21 



>ll 



>22 



>Yl 



The s*me result hes been obtained i.e. COL and ROW now 
contain the desired data, but with fewer accesses to the TOP. 
The difference is that the pointer is now 'locked* with a value 
of >22 and no longer points to itself ready for further 
accesses. The only alternative is to perform an access to the 
VDP'e external aemory, i.e. either of the accesses with E2-D, 
which automatically resets the pointer to zero; 



7. Initial state (last 
state of preceding 
sequence) 

&. Perform an external 
memory access 

9. Return to lnect. state 



El | E2 | RHM I MP bus I Pointer 
1 1 



I 

| 1 

I 

1 I 1 



h lgh-z 
<data> 

hi;:.'"-'" 





>22 
>00 
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A read access i fl ehoun toT tht 1MW)r]f accejiB ln g 
but a write access would have had the same effect on the 

pointer. The pointer value is now M ro enabling further register 
accesses. ° 



3.3.2 Reading the Status register 

The Status register is accessed In a Hlmilat manner to 
the other eight bit registets with the exception that lis 
contents may only be read. This implies that the CPU's data 
strobe li nE rwm remains inactive high during the access and that 
the CFU nuit place its data bus (MP0-MP7) i n the high impedance 
input mode in order to t*ad the data output by the TOP. 



The sequence of 
Status register read: 



operations .shown below la typical of a 



U Initial state 

2. Perform a register 
access with the Maine 
of >Q3 on the data bu& 
(Pointer now points 

to STATUS) 

3. Return to insert, state 

4. Per fore a register 
access with the data 
bus in the Input mode 

5. Return to Inactive 
state 



U | E2 j RWM | MP bus | Painter 



1 







hlgh>-2 



>03 



high ^2 



hi e h -x 



>oo 



f >03 



>03 



<st*tus>| >03 



>00 



The 'fast* register access 
not sere) may be used to read the St 
If a value of >33 i 8 written to the 
is held loir, the contents of the 
continuously updated on the data bus. 
El lines are returned to their ins 
sufficient to simply take EJ low aga 
of the status register will be Immert 
by the TOPs 



ode (i.e. wheti RT8-RT1 are 
atus register continuously. 

pointer then as long as Hi 
Status register will be 

In addition, if the Ei and 
ctlve high states. It is 
in and the current contents 
lately placed on the MP bus 
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J El I E2 | RWM I HP bus | Pointer I 



1. Initial state 



Mil 
I I 



Z. perform a register I 

icceu with the Value I 

of ?33 an the data bus| 

(Pointer now point* 

to STATUS) I 

I 

3. Return to inset* state) 1 

I 

4. Perform a register 
access with the CPU data I 

bus in the input mode 



5. Hold El lev 

6. Hold El low 

7. Return to inaet. state 

8. Take El lev 

! 
: 

9. Return to inactive 
state 



high-* I >0D I 
I I 



I 1 !"U" 



1 


1 
X 


1 


1 


I 


1 


L 


1 


I 


X 


1 


1 


1 


K 



>33 



high-* 



4B-tatu9> 

«new> 

<status> 

<new> 

<statu9> 

high-? 

<9t«tUB> 



high-s 



>31 



>33 

>33 

>33 
>33 
>33 
>33 

>33 



At the end of the operation the 
vith « value of >33 and a memory access 
return its value, to iero as before. 



pointer is 'locked' 
must be performed to 



3.3.3 Programming registers 8 to 15 (Base adresaes) 

Registers 8 to 15 ate all 1 6 bit write only registers 
eonteining the base addresses which define the external Memory 
structure as described in paragraph 3-i- 

Since the CPU ca TOP data bus is only 8 bits wide, 
these registers may cmly be programmed indirectly. 

The desired address is firat placed in COL and ROW and 
then traiwfeced to the relevant base address . ROW contains the 
„>at significant byte of the address and COL the least 
significant. 

COL and ROW are programmed ss described in paragraph 
3.3.1 and the data i» then trsn^ered to the base address 
register by writing the register address to the pointer twice. 
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The (sequence for programming the t> aa# address BAPA is 
*ho«n belw aiJ atl E * aj0 pi e . Assume that COL end HOW already 
contain the least end most significant bytea of the address to 
be programmed respect lvly, and that the pointer contains a value 
of zero. 



K Initial state 

2, Vrlca *0A to the 
pointer. Pointer nov 
points to BAPA 

3. Return to inact. atate 

$• Perform a duality write 
to the pointer. SOW is 
copied Into the US byte 
of BAPA and COL into 
the IS byte of BAFA 

5. Return to ltiact. mtate 
(Pointer returns to 0} 



El I EZ | RWM | MT bu6 | Pointer ] 

I 



I I I 



X j hlfih-a I >00 



LI 



>0A 



hlgh-E 

den ' t 
tare 



hlgh-z 



>0A 



>0A 



>0A 



>00 



f 



relieving this sequence, BAPA contains 
and HOW and th* pointer con tains a value of cere- 



a copy of COL 



When addressee are transferred from COL and ROW to a 
base address reaieter an unavoidable incrementation of their 
value occurs.. This incrementation la by two for character 
generator base addresses BAGCO to BACC3 and by one for the other 
base address registers. Thus to programme HaPa vith a value of 
>WQ0 say, COL and ROW auac be prog rammed to >7FFF. To programme 
SAGCO vith >I500 COL and SOW must be programmed with >KFE, 

3. 2. & Status register 

Register 3 la an eight bit register containing a 
variety of status information for use by the CPU. All status 
bits are active high. The statu* register contents are depicted 
in Figure 3.3. 

FIGURE 3.3 ! S I A t S REGISTER 



| ST1 ] ST2 | ST3 | ST4 I £15 j ST6 I ST? I STB I 
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ST1 



Hot used - alwnys tero 



ST2 - Frame sync 

This bit is active high during tha 

TOP frame Synchronisation time:. The source 
of the information depends on the node at 
operation of the TOP as shown In table 3.3 

TABLE 3.3: SOURCE OP FRAME SYNC SIGNAL FOR ST2 



DCL 


BT4 











1 


1 





1 


1 



SIGNALS ON SLL A SCT I ST 2 SOURCE 

Input line 6 frame | See note I 

Input line A composite | See note; 2 

Input line 6 composite t Generated from SLL 6 SCT 

Output line & Erase I Copy of signal on SCT 



Mote 1 i The Bt ate of 5T2 i« undefined vhen the VDP i» 

programmed to Input line and (Mme syne. i.e. DCI^D and BT4-0. 

Note 2s The state of ST2 will only Indicate frane sync 
in this mode If the VDP is synchronised with the incoming 
signals- It this is not the case. ST2 will remain inactive low. 
Refer to paragraph 3,o-3- for more details. 

573 - Vertical display interval 

This bit is active high during all 
acan lln*s which display active 

Information. Tt goes active high at the 
bottom of the upper border end goes 

inactive at the top of the lower border. 









5TA - Hot used; indeterminate value 
ST5 - fceady 

The state of this hit is a direct 
copy of the signal on the VDP Ready output 
line. 

ST6 - Horizontal display interval 

Thia bit goes active high during 
the active portion of each line. I.e. from 
the right hand edge of the left border to 
the left hand edge of the right border. 
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ST 7 



- Buffer memory overflow 

Tli is hit aoea active high whenever 
tlis input buffer becomes full i.e. the Data 
Provider write pointer AChT catches up with 
the CPU read pointer ACHP. This hit is 
cleared when the buffer is initial laed by 
programing the base address of the Biart of 
the buffer BAMT. 



STS 



Buffer meaary empty 

This bit goes active high whenever 
the input buffer beeoiaea empty i.e. the CPU 
read pointer ACM? catches up with the Data 
Previder writ* pointer ACMT. This bit is 
net when the buffer Is initialised by 
prograoing the base addresss D f the start 
of the buffer BAHT, 



3. 3.5 Command register I - Oil 

d#fln» thTittl l n * izh * b±t . ***** Qnly agister whose contents 
o*t ine the tiiae baie operation. 

Hb contents are shown i„ Fi Bure 3.A and the 
significance of eac b individual bit is described in Table 3.4. 

FIGURE 3.4! COKMAJTP REGISTER CM] CONTEKTS 
I BT) f BT2 | 1T3 | BT4 f »T5 | X | T |T"i 



KSB 



LSB 
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TABLE 3-4s TIME 



BASE COMMAND 
(CHI) 



ft E G 1 5TER 



KAMI'! 



BTl 

ST2 

BT3 
BT4 

BT5 



STATE I 



FDHCTION 



I 


1 



I TOP display output non -interlaced 
[ TOP display output interlaced 
| (Note 1) 

Display standard 1 

Display standard 2 (Hate 2) 



I 



Hot used - Must be sero (Note J) 



[ Combined with Ml to control 
SLL and SCT synchronisation node 
(Sad Table 3.5) 

I 

| Normal display toode 

I Subtitling mode (Mote A) 



1. In interlaced frame mode, each alternate frame la 
composed of an odd number of halt lines casing the 
display device to have a half line vertical offset on 
every other frame thus doubling the effective number 
of scan lines. The information displayed remains the 
same, hovever fot both even and: odd frames. In non- 
interlaced mode, all francs hove the saiae even nuraber 
of scan lines and are displayed identically. 

li should be noted that in enteral 
synchronisation mode, the VdP will output its Scan 
foroat, I.e. interlaced or not, controled uniquely by 
the style of the Input sync signals and the state of 
BTl will effectivly be ignored. If tin TOP is 
programmed in external sync mode and no ayne signals 
are input however, the TOP will free run in the mode 
defined by the state of BTl. 

2. A» described in paragraph 4. 1 , the TOP contains 
effectively cvo independent ROM* ****-f "| '« 
different display formats. The state of BT2 define*! 
which *m la used Co control the display timing. 

3. BT3 is a bit need during the production of the 
device to programme the tlae base in a high speed 
test made of operation. This mode is unsuitable for 
naraal display devices and should be disabled by 
programming &T3 with a «eto value. 

a. Subtitling mode is described in paragraph 1.2. 4 

and 4,4. 
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TABLE 3,5: Control of SLL end SCT nodes 



DC1 ST 4 



I/O 

InpuL 
Input 
Input 
Out put 



SLL 

Line sync 
Line sync- 
Line sync. 
Line sync 



SCT 



Frame Bync 

Composite sync. 

Composite sync 

Frame sync. 



N.B. - Although SLt and SCT are shown ss 

imputing external synchronisation signals 

when DC1 -= I and BT4 - it should be noted 

that the VBP le nevertheless in internal 

sync mode with the tioebase free running. 
the Input signals in this esse are used 

solely to generate the status bit ST2. 

J. 3.6 Command register 2 - CM2 

CM2 is an eight bit write only register whose contents 
define the display decoder operation. 

Its contents are uhevn in Figure 3.5 *nd the 

significance Of tech individual bit is described ill Table 3.6. 

FIGURE 3.5 : COHHAND REGISTER CH2 CONTENTS 



( DCl f DC2 | DC3 | DC4 [ DCS | BC6 | DC? 1 DCS | 

MSB l?R 
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t A B L I 3.6 



DISPLAY COMMAND 

(CX2) 



REGISTER 



KAME 

DC] 

I 

! 

I 

I DC2 I 



STATE 



I 



FUNCTION 



DC3 1 



L 


DG4 


D 
1 


DC 5 



1 


DC 6 




1 


PC 7 




1 


DCS 




i 



External a yn en roni sa t i on mode 
Internal Synthronisat loft node 
Combined with BT4, tiC I al*0 

defines SLL A SCT node (Kate 1) 

Row replaced by border colour 

Rpw displayed no-rjialy fHote 2} 

Knnkinj?; attribute disabled 
Hanking attribute enabled 

Inctust nt ion attribute disabled 
Incrustation Attribute enabled 

Cbr gen 3 treated u alphanunMie 
Cht gen 3 treated as alphamosaic 

(Note 3) 
Ho grid display 
Grid display {Nate k) 

Underlining attribute dtsahled 
Underlining attribute ensbled: 

Normal incrustation mode (Note 5) 
Superirapositiem incrustation mode 



U Synchronisation aodes arc discussed in paragraph 
3*$ and are shown In Table 3.5, 

I. DC2 allows the display of Row a to be suppressed. 
Row 19 the upperpoat line o£ teutt of the display 
*nd when disabled ia dUplay*d with the uniforra 
border colour and the contents of the page memory for 
this row is Ignored- This allows a VBP which would 
normally output a 25 lino display to instead output 
only 24 lines- cenpatible with certain teletext and 
videotex standards • 

3, Relet to section 4.2 for a description Dl the 
difference between on aipha-geemetric and an alpha- 
rasa ic character generator. 
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4. II the state of Uct la 1 a grid will be displayed 
over the normal image. The grid Id generated by 
forcing the first pixel of each lino of each 
tharactcr And all of the last line of each character 
to be displayed In their eenpletaentary colour (i.e. 
the RGB outputs are inverted). This node la useful! 
for editing or page competition terminals where the 
position of each character cell needs to be visible. 
Grid display is active only In text mode. 

5. In norm] incrustation mode, any character with 
this attribute applied will be accompanied with an 
active high level on the incrustation output signal I 
for the whole of the horizontal width of the 
character* 
foreground 
overlayed 



This enables both the background 
parts of the character cell to 
onto An external video image. 



and 

be 

In 



-,_.. UJ x. u wntv an Mteiogi viaeo image. in 

nuperinposition mode, however, the 1 output only goes 
active during the foreground part of the character 



— .^.^ _,l.. .l. c , ljk loiegmoiia part or rtie cnaracter 
causing incrust*d characters to be overlayed onto 
external video without a surrounding 'boa' of 
background colour. 



a surrounding 
See section 4.1. 



3.3.7 Command register % - CMS 

CM3 is qn eight bit write only register whose contents 

define the dlaplsy nodi? and the memory parameters. 

Its contents are shewn in Figure 3.6 and the 
significance of each individual bit is described in Table 3.7, 

FIGUSE 3.6 ! COMMAND REGISTER CHS CONTENTS 



CT1 | CT2 | CT3 | CT4 f CTS I CTG | X | 31 f 

MSB L c_, 
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TABLE 3.7 



MODE AND MEMORY 

(c»n 



nClSTEK 



SAME 



| CTi»CTJ 



STATE | 



FUNCTION 



CT3 
CT4 

CTS 
CTG 



CTl CT2 

o a 

1 

1 

l i 



n 
1 



■ avB^r* 



Display aode 

Display disabled 
Text mod* 
Bit -mapped mode 
Mixed mod? 

Jtoc used - Must be terc 

Normal CPU meaory accesses 

CPU ,icces5 Inhibited during active 

display interval- (Hot* 1) 

Memory flcce&s timing type 2 (Note 

:i;:...ry accees tlaing type I 2] 

Address BuiHipieiing for 64K DRAM& 
Address multiplexing for I6K BRAMs 

(Note 3) 



No tea i 

1. See paragraph 3-7-4 

1. See paragraph 3-7-5 

3. The 16 bit memory Address ia multiplexed onto the 
DO - D7 address/date littea during the falling edges 
of RA5 and CAS. Two different owltipl eating schemes 
lire selectable In order to comply with the differing 
rev and column address formats ei 16K and 64K DRAMs, 
The state of CT6 selects whidh type of multiplexing, 
is used as shown in table 3-6 where AC- to A15 are the 
MSB and L5B resectivcly of the IS bit logical address 
as seen by the CPU. 
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TABU: 3.8; ADDRESS HUlTlPLCTING OPTIONS FOR 1&K AND «K DRAMS 



(He.oryr CT6 | ft 0W AD&RESS | COLUMN ADDRESS 

type r>tate|DO Dl D2 D3 Dl 05 B6 D?fDO DJ J>2 D3 D4 D5 »6 D7| 

J64K/1 j 
I or | 



i j 

UfiK/1 | 1 

I 



AS A9 Alt) All M A5 A* A7 
A9 AID All A5 A* A7 AS 



AO A15 Al A3 A12 A13 AU Al | 

I 

I 

:i 
I 



Al AlS A3 A4 A12 A13 AU A2 I 



3.3.8 Command register 4 



i->:-. 



A *< , ?? ■" *** ht bit WUe ™ 1 » *•*!«« whos* contents 

i ,i St " en flttributefl m«*<J in the text oode of operation 
only. The contents and" use of this register Are desr.rihe<f in 

paragraph 4-2.6. 



3-4 Memory organisation and base address registers 



The external memory associated with the TOP is of h 
totally generalised uneommited iipture. This means that both the 
amnio unt of oeaory and its detailed 
defined entirely by the user via the 
register*. 



SE^njentailon and use is 
command and base address 



As far as memory eiie ia concerned, the TOP can 
directly address up lo 6 *K bytes vithout external paging 
hardware. There ia no ttinimua Unit to the m#mory aise *ther 
than practical operational considerations and the user may 
choose the sitae t amfflount to suit the particular application. 

At pover up the nteaory ia totally unnaaigned. Various 
areas of mem^y Bre allocated to specific functions by 
progra mutation of the base address registers as described below. 

The various base address registers are listed in Table 
J. 9 for reference. 



TEXAS INSTRIJMEWTS 



17 



Document Scanner par humeur@orange.fr i search a TI99/4a and Exelvision Computer 

contact me 



TABLE 3.9 BASE ADDRESS REGISTERS 



Kaae 


| Address 


\ Function 


BAHT 


1 « 
i 


Start of 
I 


dats buffer 


BAHF 


1 

i 5 


1 

I CPU base 

l 


address 


BAPA 


1 

A 
1 


1 Start of 

i 


display 


BAGCQ 


1 

B 


I 

| Start of 


chr gen D 


BAKU 


C 

i 


j Stare of 
i 


chr gen L 


BAGC2 


1 

1 D 

1 


| Start of 

1 


chr gen 2 


MGG3 


1 

1 1 
■ 


| Stare of 

I 


chr gen 3 


BAMTF 


1 

f y 


| End of data buffer 



The contents of BAHT and BAMTF define the start and 
finish of the arcs of memory allocated to the data input buffer. 
BAMT point* to the first byte of the buffer and BAMTF points to 
the byte following the last byte of the buffer. The BMA 
controlet uses this buffet area to store data input from the 
data provider. For description of buffer operation refer to 
paragraph 3.6. 

The contents of BAMP are used in conjunction with the 
CPU auteJ-increnentlne address pointer ACMP- Operation and use of 
these two registers is described in paragraph. 3. 5- 3- 

The concents of BAPA defines the start o£ the page 
display memory, A base address is; not required to indicate the 
end of the page mnory since the size of the latter will always 
be implicitly defined by the display ™ode selected. There may be 
any number of EOnes allocated to dlsplayable information limited 
only by the total size of available memory - the VHP will simply 
display the *one currently Indicated by the contents of BAFA- 

Due to the double cycle technique used by the VDP to 
read the page sneiwry. BAPA must always point to an even address. 

The contents of BAGCO to BAGG3 define the first bytes 
of the character generators to 3 respectively. A •""i"*™ oi 
four generators may be defined for any one pa$e displayed, 
however, aa for the page memory, there Is no limit to the total 
number stored apart from the slee of the memory itself, the four 
currently required being, indicated by the contents of the base 
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SbSiTSTZ: ■"V*?""" aerator can contain a 

MKi-rani of 128 characters implying a sil * of JJBQ bytes for e«rS, 
generator at . rate D f l0 bytes per character. If fLr character 
generators ere not required then there is no need: to define the 
unused ones in the memory or even initialise their base address 
register*. Also, if the generators ore not full then they may be 
overlapped to economise on memory space Pr even occupy the Bant 
physical area of Denary. 



3-5 Au to-lncr emetic ing addresss pointers 



The 



TOP contain* fi ve sixteen bit auto-ine reutmting 

=££!"? f°i? tEr ? .T* 4 f ° r •**««*«» th* VDP cmy, These arc 
shown in table 3.10 and their „s e in relation to the base 
address registers and memory organisation la shown in Figure 



Table 3-10: AUTC -INCREMENTING ADDRESS POINTERS 



function 



I POINTER ] 
■I- 

ACHPxy f CPU PRIMARY ACCESS 
ACMF ] CPU SECONDARY ACCESS 
ACPA f PACE DISPLAY ACCESS 
ACMT f BUFFER INPUT ACCESS 
ACREP | REFRESH COUNTER 



All accesses to the external memory aysteia use one of 
these address pointer*. Also, in a general sense, any access 
using one qf these pointers will cause the value of that pointer 
to be Incremented by one. Some of the pointers also undergo 
limit tasting following the increment at ion to determine whether 
their value has exceeded a predetermined range. This 
explained »ore fully in the discussion that follows. 



Is 



3<..5»l Accumulators Associated with the CPU 

Two auto-incrementing accumulators are associated with 
CPU seeessea to the external memory. The pointers concerned are 
ACHP and ACMFxy. Their names are srbltary. Any CPU access will 
use one of these two pointers and, as explained above, the 
pointer uaed will have Its value incremented by one followiiiH 
the access. 

Obviously, before any access la made using, one of these 
pointers, it must first be programmed with the address of the 
first memory location to be read or i»rttten. All sub sequent 
accesses to the memory of the same type i.e. read or write will 
then use thft pointer implicitly to access contiguous memory 
locations. 
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Figure 3-7 shows fin imaginary diagram of the internal 
VDP hardware associated with these two pointers . Note that thii 
U not necessarily the actual physical tuple n*n Eat ion in the VDP 
but simply * functionally equivalent structure for explanatory 
purposes. 

Three flip-flops are Associated with the two pointers, 
each of the latter have what we will will tens a 'load flip- 
flop and a third '■ode' flip-flop U ohsred between the two. 

Any time that either of the regis tare COL or ROW aTe 
programmed (using the technique explained in section 3.3.1) then 
the ACMFxjr load flip-flop ie set. Any time that a base address 
is programmed (using Che technique explained in section 3*3.3) 
the/ the ACHPxy lead flip-flop ie reset- If the ACHPxy load 
flip-flop is found to b* esc at the tine of a CPU memory sccess 
then tho contents of both the registers COL and H&M will be 
transferred into ACMFxy and the latter will be used for the 
mecoty access with the consequential incrementation of its value 
afterwards. Additionally, two other actions occur. Firstly the 
ACtfPxy loud flip-flop ii reset 1 thia prevents COL and ROW from 
a&aln being transferred: into ACMPxy on the next access. 
Secondly , the node flip-flop is Bet to attribute ACHFicy to the 
node of access just performed i.e. if the nesnory access was a 
read, then ACMPay is attributed to all subsequent read accesses 
and conversely its partner ACHF is attributed to all subsequent 
write accesses; if the memory access was a write, however, then 
ACHPicy will be attributed to all subsequent write accesses and, 
ACMP to all subsequent read accesses. Hot* that the memory 
access itself and whether it be a read or write access is 
decoded by the VDP Iron the state of the El and E2 CPU interface 
lines as explained in paragraph 2.J* 

Initialisation of ACMP is performed in a slightly 
different msnntT and makes use of the base address register 
BAMF. 

Programing SAMP (using the technique explained tit 
pera B ra P h 3,3*3) ha* the effect of setting the ACMP load flip- 
flop- it slab resets the ACMFsy load flip-flap because BAMP is a 
base address register as explained shove. Subsequent accesses to 
other base addresses, however, will not reset the ACMP load 
flip-flop, thus flnce set, short of a total power down of the 
VDP it will remain set until ACMP is loaded. The latter action 
takes Place on the first following menaory access at which tine 
ACMP is loaded with the value of »AMP end is used for the access 
itself with the consequential incrementation of its value 
followinB the access. Additionaly, the ACMP load flip-flop is 
reeet preventing ACMP fro* being re-losded on subsequent memory 
"cesses and the mode flip-flop is net to attribute ACMP to all 
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FIGURE 3/7 : SYMBOLIC CPU POINTER HARDWARE 



LOAD 
COL 



LOAD 
ROW 



COL 



LOAD 
B AMP 



ROW 



LOAD ANY 
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ADDRESS 
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ACMPxy 



LOAD, 



ACHPxy LOAD 
LIP-FIOJ 



TO MEMORY 
ACCESS 

CONTROLLER 



HAMP 



o~^ 



S R 

ACMP LOAD 

FLIP-FLOP 



i^-[>*| 




I.DAI' 



&CHI 



modi: 



Flip-flop 




USB USE READ MEMORY 
ACMPxy ACMPHRTfE ACCESS 



TO MEMORY 
ACCESS 

CONTROLLER 
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nubsequent accesses of the sab* type i.e. read or write, and 
ACHP*y to all subsequent Accesses of the opposite type 

Once Initialised In this way, futthcr memory *ccesB«9 
bav be made without explicitly redefining, the desired access 
addresses- The accesses will use either ACKP or ACWPiy to supply 
the address in f or™ t Ion and Increment the contents of the 
pointer used following the Access. The pointer used will fee the 
one attributed to the type of access performed - one pointer 
will always be attributed tn redd accesses and the other 
consequently to write accesses- 

It Is possible to Initialise both ACKP and ACHPsy in 
one access operation: 

00L and ROW are first proflrenaed "1th the value desired 
for ACHF This value Is then trans fere d to BAHF causing the 
ACHP lead flip-flop to he set and the ACHFxy load flip-flop to 
be re^t as explained above. Now, instead of performing a memory 
access (which would lead ACHF and leave ACKPxy untouched) .COL 
end ROW are prngramned with the value desired for ACKPxy- This 
cause? the ACMPKy load flip-flop to be ut as described above, 
but does not reset the ACHP flip-flop. How, if a »*«ory u»k 
is performed, we have both of the load flip-flops set with the 
result that both ACMPxy and ACMP will be loaded with the 
contents if COL end ROW and BAhF respectivly. We now have an 
e^r-t contention A* to which pointer will be used for the 
acLss itself, however, the pointed are prioritized such thaL 
in this particular ease ACHPxy will be used for the access and 
£ H ?Sll be updated but not used. Both load flip-flops are 
reset following the loading of the pointers and the We flip- 
flop is set to attribute ACMPxy to the type of access Just 
performed and ACMP to the apposite type. 

3.5,2 AceuBuiAtor associated with the display decoder 

One of the auto-incrementing address pointers 1* 
associated with the display decoder- This is the pointer ACPA. 

ACPA points to tbe eu«=nt byte being read out of the 

!^IVDP hardwire with a copy o£ the base address BAFA 
Senear Se S* ll i reset by probation of corned register 

ACPA is reset equal to the page display base address 
rapa at rZ stare of the active display area of each frame- 
CeA ter ACPAU incremented after each display ,««. to the 
Zll lie™ thereby sl^y* pointing to the ne.t byte to be 

to the first byte of the page mesaory. 
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3.5.3 Accumulator associated with the data buffer 

ACKT in the auto- incrementing accumulator ueed for data 
provider write accesses to the data input buffer. The base 
address registers BAKT and BAJ-TTF define the beelning and end of 
the buffet respectively. 

During an access request by the data provider, it 1b 
the address contained l r ACHT that i B used" for the access. ACHT 
Is Initialised whenever the base address BAMT is programmed by 
the CPU ill Which case It also receives the same address thus 
setting it to point to the first byte of the buffer. Remember 
that the value programmed Into BAMT, and hence ACMT. will be on* 
■ore than the value programmed In COL and ROM by eh* CPU, All 
data provider acceaaee U9C t i, G contents of ACHT to Address the 
memory and ACKT ia then Incremented so that it always points to 
the nest address to be written by the data provider. 

After each data provider scces* and consequential 
Incrementation of ACMT the eon tents of the latter are compared 
to the base address BAMTF which contains the address of the byte 
following the last byte in the buffer- If the two values are 
found to be equal then ACHT is reprogramiaed with the contents of 
BAMT and so points to the first byte in the buffer- In this way 
ACKT circulates between the two base addresses BAMT and BAMTF 
minus one- 

The CPU auto-incrementing address pointer ACMP besides 
being a general purpose CPU pointer is also associated with the 
data buffer and is used by the CPU to read the data previously 
input by the data provider. For this reason the pointer ACKT 
besides being compared to BAMTF following every write is also 
compared to ACKP. If equality la found then the write pointer 
has caught up with the read pointer and the buffer is full. This 
la the buffer overflow condition and is indicated by the buffer 
overflow flag ST7 in the Statue register. Further data provider 
aeeeas requests are thereafter ignored until the buffer is reset 
by programming BAMT whereupon ST7 ie reset, ACMT reset equal to 
BAMT and data provider access requests are once more recognised. 

To determine when the buffer Is empty, each read from 
the buffer using ACMP is followed by a comparison between the 
latter and the write pointer ACMT. If equality is found then the 
read pointer has caught up with the write pointer and the buffer 
ia empty. This condition is Indicated to the CPU by the buffer 
empty flag ST8 in the Status register. 

To determine when the CPU read pointer has reached the 
end of the designated buffer gone, ACMP id also compared to 
BAMTF following each access, if equality la found then ACKP is 
rep rog rammed automatically with tha contents of BAHP. Under 
normal circumstances BAHP will contain the same address as BAHT 
and so ACMP will then point to the first byte in the buffer. 
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It should be noted chat the VDP has no way of 
distinfcuishin fi when ACMP ia being used as * general purpose CPU 
pointer or as the buffer read pointer. For this reason it always 
teste for equality between it and the base address BAHTF 
following any access uaing ACHP with the consequent iel update of 
lta value to BAHP if a switch is found. This action could well 
cause unpredictable behaviour of ACKF if BAKTF contains an 
indeterminate value as it may well do in syflteas which do not 
make us* of th« data input buffer and bo apparently have no need 
to programme EAMTF- 

3.5.4 Auto- Incrementing accumulator associated w*th refresh 

ACftEF is the address pointer used for re fr call accesses 
to the dynamic RJW's. ACH.EF counts froa cero to >FF0D in 
increments of >O10D therby scanning the 256 possible row 
addresses. 



3.6 Buffer operation 

As described above, a lone of memory ifi dedicated (not 
necessarily exclusively 5 to the data £«vider input by 
programing *"** address re B ister B BAMT end BAKTF. The data 
provider may request n write access to this zone using the HHP 
handshake line. The VDP processes this request as any other 
memory access and starts the data provider access by initiating 
a DRAM write evcle. The cycle differs (ton a normal write cycle 
in that durin B the tint the TOP normally outputs write data to 
the Memories it instead trfetates Its data bus to enable the 
data provider to place ita own data on the bus. This action Is 
signaled by a 1<*> level on the return handshake line HIE- Tne 
VDP then strobes the data into the memories with the W* line and 
returns HI2 to its inactive high state and the data provider in 
turn tristatea Its data bus completing the access cycle. 



3.7 DHA controler 

3-7.1 General 

There ere four possible subsystems which require access 

to the memory assisted with the TOP: the display controler, 
refresh controler, data provider and the CPU, 



The DMA controler is responsable for overseeing all 

to chc TOP F s memory, 

requests, prioritising t 

pending accesses, synchronising 



chc TOP's meaory, This entails recognising the 
access requests, prioritising them relative to other possible 
■"!" "!"!!„: P . V t.mr Dn lalnR then with the DMA clock and 
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eventually, performing the 

he memory access request controler 
of the various functions performed 
are described In the following paragraphs. 



aceeaa itself t e ¥Dp ncmorj. k 
general Mock diagram f the 
appear* in figure 3.8- Each 



T ^ i™ Via ° ne ° f four eh «n»»l« corresponding to data 
ptpvider, CPU, refresh, ai)d dlsplfly , ^ e fl „ t P B flf J J 

f ^ If" aC « Ssible •« anally, the l„ t three are Internal 

to the VDF. 

# tk ?" dat ° l >rovlde ' r ««ea S request is Initiated by the 
falling edge of the HHF input. For CPU accesses. fl read access 
is timed froathe falling edge of E2 and , vrite ac«ss f™, the 
rising edge of ftWH. 

3.7.5 Priority control 

the various requests pass via a priority decision 
circuit which encodes th e highest priority pending request baaed 
on the order shown in table 3.11. 



"SHORT ACCESS PRIORITY 
PRIORITY | CHANNEL f 



I- 

1 I fiata provider j 

3 I CPU | 

3 I Display | 

3 I Refresh I 



Normally, the CPU haa priority over the display 
controller when accessing memory. Under Home circumstances, e.g. 
with * high speed data provider input and a high density of CPU 
accesses, or, using the slow memory timing option, the display 
controller may miss accesses to the memory causing visual 
interference to the displayed image, Tu alleviate this situation 
to a certain extent. It la possible, by programing bit CT4 In 
cosmjand register CH3 to one, to disallow CPU accesses during the 
active part of each scan line (the latter Is; the only time that 
the display controller needs to access the memory)- The CPU can 
determine whether an access will be allowed by testing bits ST3 
and ST6 in the status register; if both of these bits are tero 
then the Vpp la not i ft an active part of the display and the CPU 
may make an access. The ready output line and the ST5 status bit 
maintain their function in this mode and indicate that the TOP 
has completed the last requested trrite cycle, «-, that valid 
data Is present on eh* MP bus in the ease of a read cycle. 



TEXAS IHSTftlMEHTS 



25 



Document Scanner par humeur@orange.fr i search a TI99/4a and Exelvision Computer 

contact me 




srwoivi aA\ns xsanoan 




saH^ivi ua^s^ isanOau 



a 






Document Scanner par 




hilmei!ir(g)0range 
contact g!e I 

leu M « 1 



: j 



h a TI99/4a and Exelvision Computer 
3 - 26 



Although both display and refresh 
Ban* priority, they c*ti never be requested at 
described in paragraph 3-7.6. 



access* e have the 

the afioe tine as 



3- 7, 3 Request synchronisation 

The access requests are sampled on each tailing edge of 
the internal DMA clock as armwn In figure 3.9. Since the access 
requests are typically asynchronous with respect to this clock 
It la quite possible that the ttinlraun aet up and hold time for 
the synchronising latch are violated causing a momentary 
Indeterminate level at its output. Tts prevent this occurence 
affecting the following circuitry, the output of the first latch 
Is sampled on the next falling edge of the internal DMA deck by 
which time it should hove stabilised at one or other level. 
Al chough It io theoretically poflHibte that a certain timing 
relationship between the access request and the DKA clock cause 
an indeterminate level to propagate through to the output of the 
second latch, the probability is so Bttnll as to be 
insignificant. 
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FIGURE 3,3;REQUEST SYNCHRONISATION 
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3.7.* Henory ecu* &» control 

The section of the DMA control*! defiling with the 
memory accesses themselves looks at the state of the access 
synchronisation latehea on each rising edge of the internal BHA 
clock, in the cases where no access request is active tti* 
controller will simply enteT an ldl* state for one clock cycle, 
As soon as no access request is detected the contreler 
immediatly starts the DB^K access cycle and disregards further 
requests until the currant cycle is finished thereupon it 
recommences sampling the latch outputs BO each rising edge, tf 
an ether access request becomes active more then on* DHA cycle 
before the end at the current scceaa, then the next access mil 
be executed immediately following the current one- In this way 
&nv on-ftolng cycle will always complete normally, end the OHA 
controler will then execute the highest priority pending access. 



TEXAS INSTRUMENTS 3 - Z8 

Document Scanner par humeur@orange.fr i search a TI99/4a and Exelvision Computer 

contact me 



The access itself tcay be one of several types depending 
upon the channel requesting access. Notably, to Increase memory 
througput, the DMA controler uses * double or page mode access 
for one of the request channels aecoclated with the display 
controller. 

A* described in section 4 t the VDP needs to read three 
bytes from the page memory in order to displ#y eight points on 
the screen. The sequence of accessing these bytes depends upon 
the programed display mode. 

In te*t node, for each line of each character 
displayed, the VDP first uses a double read cycle to access the 
two bytes containing the attributes and the character code 
followed by a single read access to the character generator as 
Shawn in Figure 3, 10. 

FIGURE 3,10: PAGE MEMORY ACCESS SEQUENCE IH TEXT MODE 
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In bit-napped node, each odd access to the memory 
employs a double cycle to read the blue and green bytes tallowed 
by a single cycle to read the red byte. Each even access uaes a 
ttagle cycle to read the blue byte followed by a double cycle to 
read the green and red bytes as shown In Figure 3-11- This 
alternating technique is used in order to ensure that 
restricting BAFA to an even address is sufficient to ensure that 
a double read cycle never crosses s J 28 byte boundary. 

FIGURE 3-11: Page memory access in hit -snapped node 
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3.?, 5 Memory *ee*9 9 timing 

Two memory timing options are available In the VHP, With CT5-1 
the timing i» suitable for standard DRAH's. Under »om» 
circumstances such a* when slower memory ±b used, or with static 
memory, It may be desirable to lengthen tht m**ory nctesa 
cyclea. This is effected by prograwalne bit CT5 *" command 
register CH3 to mid. table 3.12 lists the Miliary timing 
parameters which differ between the two options together with 
their nominal values expressed in numbers of DMA clock periods- 
For the values of the parameters which ate not functions of the 
memory timing option chosen refer to section. 9* 

TABLE 3.12: Memory timing options 



I 
I— * 



PARAMETER 



HAS low puis* width 
i CAS low pule* width 
| wr low pulse width 
[ OE Um pulse Width 
| MR low before CAS high 
| OE low before CAS high 
wh low befor* RAS high 
GE low before RAS high 
Date hold lifter WR low 
Single read cycle tine 
Single write cycle tine 
CAS double read cycle 
Double T*ad cycle time 
Ht£ low pulse width 



tu(RL) 

rw;c:.; 

twfV) 

twtOE] 
tBufWCH) 
csuCOCH) 
tflu(tfRH) 
tsuORH) 
th(WLI>) 

tcCR»> 

tc(W) 

te<P> 

tcfDi 

tw(HIZ> 
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The various accesses and the timing of the: interface 
signals for the standard memory timing option are ahown in 
figures 3,12, 3.13 sod 3.14. 



FIGURE 3.12 
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r I G D E E 3.13: SINGLE WRITE ACCESS 
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FIGURE 3,U ; D P E L E REAB ACCESS 
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3.7-6 Refresh cycles 

The refresh cycles necessary for the correct operation 
of dynamic memories are etmtroled by the VDP and: carried out 
transparently to Che ether elements in the Byeten. 

To simplify the Internal hardware of the VDP, the 
latter use a ordinary rc*d cycles to refresh the memory with both 
RAS and CAS B^ing active during the cycle (strictly, only RAS 
needs to go low for a refresh cycle, but a normal read cycle 
uarks ju&t iw well J, in addition, since the highest density of 
memory accesses occurs during the active parts of each display 
line, id as not to increase the number of accesses during this 
worst case period, the refresh cycles are performed during the 
line blanking periods when the display cone roller ie not 
acces siing the memory. The centre of the lint blankinR period ia 
indicated by the line aync pulse and five refresh cycle* are 
performed during each one. With a typical line duration of 64ub, 
ell 256 rows will be refreshed every 3.2Sa&, 
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3*7.7 Access response times 

From an access time point of vie.*, it can be seen from 
figure 3.9 that a minimum of fron 1 1/2 and 2 1/2 cycle* are 
necessary between the start of the External access recent and 
the start of the access itself . The variation of em* DMA cycle 
depends upon the phase of the interna! DKA clock at the tine of 
the Initial external request. In addition to this ataft up delay 
any access wv further he delayed until the completion &f any 
on-going cycle and the servicing of any higher priority access 
eeouestB which may become active in the mean time- Table 3.1: 
Shows the typical number of DHA clock cycles foe e*th type of 
access. 

TABLE 3.13: Length of various access cycles 



ACCESS 
TYPE 

| 

| DATA PROVIDER 

CPU 
I DOUBLE DISPLAY 
I SINGLE DISPLAY 
REFRESH 



ACCESS | DHA CYCLES PER ACCESS J 

FRIORITT I Standard Slow 

"T~ "s ' 7 

2 | 5 I 7 I 

3 I 8 I 12 
3 | 5 | 7 

3 5 | 7 I 



As an example, consider the calculation of the maximum 
access time far the CPU in a system which also contain" e data 
provider: 

Although the refresh cycles are shown having the 
same access priority as display requests , they can normally be 
disregarded for worst ease access time calculations because they 
are always synchronised in such a way as to occut outside of the 
active part of each line as described in paragraph 3-7.6. 

Fxoh table 3.13 it can be seen that with the standard 
memory timing option the longest access cycle is that for the 
double display request taking 6 DMA cycles. If the CPU access 
JSnest falls just Utcr than one DMA period before the start of 
this acccBs, the former will have to wait 9 DKA cycles for it to 
complete, in addition, a higher priority data provider request 
My beco^ active in the mean time, causing a ^rther 5 cycle 
"lay to execute it- Finally, there will be the delay of 5 
cveles for the CPU access itself. The total delay time is 
therefore as follows; 

Possible on-going double display access .. 9 cycles 

Possible data provider access *• 5 C7C J" 

CPU access itself ♦ *___" 

Total wanim™ access delay ■ 19 cycles 
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In the cane of a system without a data provider, the 
maximum wait tin* reduces tg 14 DMA periods. 

the minimum access time occurs when the CPU request 
falls juit curly enough so that the synchronisation delay is the 
minimum 1.5 periods and no other DMA access is on-eolng, The 
delay vlll be then 6.5 DMA periods: 



Synchronisation and prioritising. ....... . 1.5 cycles 

CPU access itself 5 cycles 



Total minimum access delay 



6.5 cycled 



3*7.8 Internal DHA cycles 

The above description of access request, recognition 
and operation applies to Accesses to the memory associated with 
the TOP. The sane mechanism, however, also applies to CPU 
accesses to any of the base address registers. This means that 
the access time and operation of the interface signals should be 
calculated in the sane way. Ratably, the ready line will behave 
m exactly the same way for a CPU write to a base address as for 
a CPU vrlte to VDP memory- 

3.5 Time base 

Figure 3.15 shows a block diagram of the Time Base. 
This is composed of four major sections: master oscillator, 
synchronisation logic, display counters nnd two mask programable 
areas of read only memory (ROM). The latter contain the display 
timing parameters enabling the TOP to switch between two 
different TV standards under software control. The KOH contents 
may be defined as required prior to fabrication. For more 
details refer to the section on TMS3556 family variants. 

3,8.1 Display timing 

The display timing la derived from the two 
complementary outputs of the master time base oscillator. The 
frequency is selected to be equal to the dot clock required; 
i.e. the duration of one displayed pixel will be exactly equal 
to one cycle of the time base oscillator. 

It should be noted that since the various elements of 
the time base are wholly synchronous, any variation of the 
frequency of the master oscillator will be translated directly 
into a proportional variation, nf the parameters of the display 
timing. Thus to guarantee a certain maximum variation of the 



TEXAS INSTRUMENTS 



33 



Document Scanner par humeur@orange.fr i search a TI99/4a and Exelvision Computer 

contact me 



FIGURE 3.15 : TIME BASE BLOCK DIAGRAM 
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variation limit In percentage terms to the master time banc 
oscillator. If OBE la being driven by an externally derived 
clock there is little problem, If en LC network la used however. 
It should be remembered that the variation in output frequency 
vll] he reu B hly equal to the variation in the values of the 
component^ for example, if components Wth a maximum variation 
of 101 are used, then the maximum 
frequency will also be 10E. 



variation of tine base 



3.S.2 Display synchronisation 



To permit 
stable picure synch 
both devices must 
two basic modes 
synchronises itself 
versa. The former 
The tvo alternative 
CPU by programming 
registers. 



or monitor to display a 
RGB outputs from the VuP, 



the display CUT 

iconised vith the 

be perfectly synchronised together. There are 
of accomplishing this: either the CRT 
to the sign els provided by the VDP or vice 

is Internal sync mode, the latter external. 

t are selected under software control by the 
the relevant values into the on chip control 



In Internal sync mode, tvo alternative methods of 
aynchroniains the TV or Monitor are available depending upon the 
requirements of the display device being used- The first is to 
use the composite sync signal output on the SCM pin. The various 
ttning parameters of this Blpwl flre defined by the contents of 
the time base ROK's. It's usual general for. 1* Illustrated in 
figure 3.16 



The second alternative Is 
fram the individual line and frame 
Again the esact timing of these signals 

information stored in the time base ROM's! typical forms for 
these signals are shown in figure 3,17 



to drive the CRT directly 
syne outputs SLL and SCT. 

control erf by 



FIGURE 3,17; TYPICAL LINE AND FRAME OUTPUT SIGNALS 
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Since these signals ate derived by progrnmsble division 
of the master dot clock, they will be perfectly synchronous with 
the latter and their respective periods will be enact integer 
multiples of the dot cloclt period. 
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3»8.3 External (synchronisation 

Itl external oync taenia the VDp display output is 
synchronised to signals provided by the display device. Two 
variants of this node are possible: either line and frame oync 
are input or alternative line and composite sync. 

la the first case, the falling edges of the two input 
signals are used to directly reset the line and fraa* counters 
to sera. To allow for possible phase offset of the two input 
signals, and to ensure that both counters are reset 
siaultanecusly, the falling edge of the line syne input 
generates a puis* whiehi gates the frame sync pulse onto the 
chip. Thus the falling edge of the frame sync pulse must occur 
. * E "' f r /oincidei,t with the falling edge of the line sync 
pulse. Additionally, it should be noted that the status bit ST2 
is undefined in this mode. 

In the esse where composite sync is input on SCT, the 
TOP uses the line sync signal input on SLL directly to reset the 
line wrote**, and also to detect the leading and trailing 
equalisation pulses present itl the composite sync signal. If 
this event occurs outside of the active vertical portion of the 
display, i.e. whilst the status bit ST3 is zero, the status bit 
STZ is set active high, the frame counter is reset, and the next 
frame cogences one line after the trailing equalisation period. 
*'?■ "J th * f nd ° f the "Wt line found without an intermediate 
half line pulse as shown in figure 3.18- If the leading and 
trailing equalisation pulses occur during tha active vertical 
part of the display however, they will he ignored, the VDP will 
not reset its vertical counters and the status bit ST2 will 
remain inactive low. 

In both nodes of externa* synchronism ion the line syne 
signal Input on SLL is used directly to reset the- horizontal 
counters and the TOP immediately commences the next scan line. 

1ft addition, the VDP ^synchronises the time base 
oscillatoi at the start of EJ = b. am fto*, i-o. en each e*ll£ii| 
edge of the SLL input. This is accomplished by momentarily 
pulling both ostilator pins; QBE and OBS to ground thereby 
removing any stored energy in the external Lc network. This is 
done so that the phase of the vpp's dot clock is held constant 
with respect to the input line sync and is independent of the 
phase of the dot clock at the end of the proceeding line. If 
this were not done, each line would start with a random phase of 
the dot clock oscillatoi translating to pixel flutter in the 
displayed image* 

It should be noted th.it tl-i- composite ayne output 
signal on SCM Is derived directly iron* the display tlmebase. 
Since the latter Is asynchronously reset by external signals iii 
the start of each line and frame, the form and timing of SCM may 
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oats be unsuitable for display aynchroniaation. A ayae , lgna i 
derived from the sane „iir« as the sync signals Input to the 
VDP should instead be used. 

Even though the VDP i„ programmed in external aync node 
It nevertherlesa continues to generate syne signals internally 
which are overidden by the external ones, rf tne exteml pync 
signals are removed, the VDP will continue to sun at its natural 
frequency defined by ita debase oscillator and output KGB and 
SOT signals. Care must be taken when reapplying titcrul sync 
since the phase of the Utter with respect to the internal ayne 
Bay oean that the fir*t line vyac pulse occurs during the active 
part D f a displayed line with the resultant pos Bible corruption 
or on-chip registers as described in paragraph 6.4, 

Saferene* should be oade to section 6 for further 

th- mJV d "*i i0M 1° bt taken lflt0 ««™t when operating 
the VDP in external synchronisation mode, 

3. a. 4 Display decoder timing 

«w„*„ ^ ^f of J J nt frest to examine the timing of the display 
Oecodar and when display accesses are actually asde to memory. 

The timing of the display logic varies slightly between 
text and bitmapped mod* and will be discussed 1 aepartately. 

J4 i J* described in paragraph 3.7.3 la test mode the 
display decoder requests a double access and a aingle access to 
the page aemory once every character period. Since the display 
decoder cannot process the information Instantaneously, s 
pipeline Bystea is used as shown in Figure 3.19. At the start of 
each character period a double access is requested to read the 
attribute and character code bytea of the next character to be 
processed. The character code thus read la combined with th« 
character generator base address to generate the address ta be 
us€d for the next single access request. The latter la made pt 
the start of the neiet character time- Thus at the start of each 
character time, the decoder requests a character generator 
access For character n and an attribute and code access for 
character n+] as shown in Figure 3-20. 
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FIGURE 3.20: Memory access sequence in 



test mode 




Attribute Character Attribute Character 
<— and code —><- generator -X— and code — >< K enerHtor> 
for ehr. n for chr. n-1 for ehr. n+] for ehr. n 



At the start of the next character tine the attributes 
and character generator informs tiqn are passed tn the decoder 
Itself vhlch processes the information during the nest character 
tine and finally outputs the resultant RCB information one 
character later an shown ± n Figure 3.19. thus the tin* from the 
first access request concerning a charcter (to access the 
attribute and code byte) te- the start df that character fceini 
output on the RGB line* is three character periods- 



in 
lightly 
3.2| shows 



the case of blt-napped node, the sequence ±s 
lightly simpler since no point processing is required. Figure 
the arcess timing and indicates a deUy o£ the 
equivalent of two character times from the start of the accesses 
to the output on R.CH. 
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FIGURE 3.22 : BASE ADDRESS AND AUTO-INCREMENTING POINTER MAI> 
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4 OPERATION 



The base address BAP* l* programmed with an address in 
the TOP memory pointing to the first byte of *n area of memory 
containing the ±«r*r-«lo* t-ecded by the TOP to pnancoJ the 
displayed 'lug«. This memory area Is read continually by the 
TOP display controller in synchronise with the acannifift of the 
display device. The ■!>• of this pafce Ji«pl*y «™ary *«* tn * 
enact nature of the info rut ion * cored in it are functions of 
the mode of operation of the TOP programmed in the on-chip 
command registers . 



4.1 Display standard options 

As previously described, the TOP contains two areas of 

ROM who's contents are defined by a masfc during the production 

of the device. These two ROMs contain the timing parametera of 
two independent display formats. 

The standard TOP, identified by the cod* 'M8G2B' 
contains the parameters for Btandard 625 and 525 line television 
display* as shown in Table 4.1. The IOH uaed by the time base i« 
selected by the state of bit BT2 in connaand register CMl- 
Typical time-base oscillator frequencies are 7.25KHS In oZS line 
mode and 6.04 7HUz tp 52S Hi.* mode 8 ivlA S line durations of 64us 
and 63.5us respectively. 

For otW TM33S56 variants , refer to section 11. 
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TABLE 4,1> nm MSB PARAMETERS FOR SXAJlDAJtll (1*8626) VDP 



PARAMETER 



Vertical sync period (franc length) 

non-interlaced mode 

Interlaced made 
Character width 

Horizontal sync period (line length) 
Mori son tsl eyre pulse width 
Blanked area after falling edge 

of horizontal sync pulse 
Left hand border 

Horizontal display area 
Right hand border 
J Blanked area before falling edge 

of horizontal sync pulse 
Leading equalisation duration or 
blanked area before vertical sync 
pulse 

non-interlaced 
interlaced - even frames 

- odd f races 
Vertical ayne puis* width 
Trailing equallsat ion duration 

non-interlaced 
interlaced - even frames 

- odd franea 
Blanked area after falling edge of 

vertical sync pulse 
non-interlaced 
interlaced - even frames 
odd frames 
Upper border height - normal mode 

- subtitling mode 
Vertical display area - cc-naal node 

- subtitling mode 
Lovrar border height 

non-interlaced 
interlaced - even frames 

- odd frames 
SLL output low level pulse width 
SCT output low level pulse width 

noti-interloced 
interlaced - even frames 

- Odd frames 



Prog rammed times 
BT2-0 | 1T2-1 



625 

6 

58 

4 

40 
4 



6 
5 

6 
1 

5 
! 

A 



40 
40 
39 
36 
476 
500 
60 

44 
44 

44 
29 

40 
40 
39 



524 

525 

6 

4S 
4 

1 
4 

A 



6 
7 
6 

5 

6 
3 



40 
40 
39 
32 
392 
420 
60 

26 
26 

IB 

24 

40 

40 
39 



0NIT 



Half-lines 

riots 
Characters 



Half-lines 



Characters 

Half-lines 

<t 
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4.2 Text mode 

The VHP is placed In text and* by programming the mode 
control bits CTl and <JT2 in tenants roister CH3 to zero and erne 
respeeively. 



4,2.1 Page memory 

In te*r sode, the display la mad* up of regular equally 
b1k<J cells which contain ■ displayed character or part of A 
displayed character, 

Utth the standard timers e pregr animation of the VDP 
there are 1000 of these character cells on ore display screen, 
organic as 2 5 rows *f 40 character* In 625 line mode ox 672 
character* oreanieed as 21 rows of 32 characters In 525 line 
mode as shown tn figure 4.1. 

One of the unique features of text node, sometimes 
refered to as typographic node, is that only characters of a 
predefined shape may be displayed en the screen. The predefined 
characters themselves are stored In an area of memory separate 
to that of the page display memory called a character generator. 
The TOP can display characters from up to four of these 
predefined generators each containing up to 12S characters 
giving a meximun possibility of 512 different characters en one 
displayed screen. Each character is defined in a matrlK of fl 
pixels horizontally by 10 p lie la vertically as shown in figure 
4.2. The four character generator tables may, like the page 
display memory Itself, be located anywhere in the available W>p 
memory that the user choses, the first entry of each being 
indicated to the VDP by the progrsmaatloia of the on-chip 
character generator base addresses BAGCO, BAGCl, DAGC2 and 
BAGC3. This in Itself allows any number of generator tables to 
be stored in the memory available, four of which can be refered 
to on any one page. 

Additionally, although the character generator are 
refered to na 'predefined*, because they reside in RAM their 
contents may be dynamically modified at any time - even while 
the TOF is using their contents for display. The feature in 
videotex terminals known as Dynamically ^definable Character 
Sets (Dft.CS) is therefore Intrinsically compatible with the VOi* a 
own operation- 

The page meaory itself contains two bytes of 
Infornetion to define almoet all the visual features a-f each 
character cell. The exceptions are serial attributes and are 
described later- With the normal page structure of 25 rows «l *U 
characters this means that a total of 2OD0 bytes are required to 
define on* pnge in text mode as ahowti in figure 4.3- 
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FIGURE 4,2 : CHARACTER MATRIX 
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4-2-2 Attributes 

The two bytes per character Rive a total of 16 bits 
containing the InforMtlen required Co define the contents a { 
each character cell. The first 9 bits k i.e. the whole of the 
{tret byte and the first, or most significant bit of the second 
byte contain what ere colled the 'attributes' of the character. 
These indicate, amongst ether things, from which of the four 
character getiemtars the shape of the character is to he taken. 
The 7 remaining blew define which of the 12ft characters of the 
defined generator la to be displayed. 

Figure 4.4 shows the contents pf the two bytes defining 
the character cell- 



Figure 4.4: PACE tf£HOR¥ CONTESTS DESCRIBING ONE CHARACTER CELL 



/ 



Lv-'n byte 

/v_ 



Odd byte 

A 



| BF | CF ] RF I CC1 | CCO | IWV | VH | DU | I FLS [ CHR CODE 

Table 4.2 describes the significance of each bit. 
Table 4.2 •■ BIT SIGNIFICANCE OF TEXT MODE PACE MEMORY CONTENTS 



I Bit 



Description 



I- 



BF I \ 
GF I > 
RF | / 

I 
CGI | V 

I > 
CGO | / 



DH 

W 



Foreground character colour. 

Character generator contalalng the 

character to he displayed • 

CGI is the Boat significant bit- 



In vers ion 



I 

| CHR 

I CODE 



DH 


! 

1 



DM 


! 


1 



Character site 
Single 

Double width 
Double height 
Double aixe 



Fleshing 



Character nuisber in the defined 

generator (7 bits) 
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A* described below, for each entry in the character 
generator, the latter contains a pattern of l*e and 0' B defining 
the ehape of the character- The l'a in the definition represent 
the foreground of the character and, in the absence of other 
mrerideing attribute*, are displayed with the colour defined by 
the hits B, C and R, 

If both ef the bita DH and DM are rero, the character 
is displayed in single eiae, that g» to say that its 
representation on the screen occupies one character cell. IE one 
or both of these bita are a one, then the character will occupy 
two or four adjacent cells on the display screen. All of the 
byte pairs referring to the cells occupied must be proxranwied 
with the sane content definition as ahovn in Figure 4.5. 
Additionally , any row of the displayed screen nay only contain 
either th« cop halves of double height characters or the bottom 
halves, but not both at the uik time. This is shown pietoriaUy 
in figure 4,6. To ensure correct alignement of characters with 
and without the double height attribute applied, the first row 
of all double height characters is displayed three times, and 
the last only once, the other* being displayed twice, as shown 
in Figure 4.7, 

If the IKv bit in the attribute definition la net to 
one, the character will be displayed with the foreground and 
background colours interchained, that is, the I 'a in the 
character definition will be displayed with the current 
background colour, and the O's with the foreground colour 
defined by the 6, C end ft bits as shown in Figure 4.g. 

If the FLS bit Jo set to one, the character will be 
flashed at a rate of approximately twice per second. This is 
effected by alternately displaying the foreground parts of the 
character in the background colour for half of the flashing 
period so that the character appears to flash on and off 
repetitively. 



4.1.3 Character generators 



As explained in paragraph 4-2.1, the TOP can display 
characters from up to four different character generators on any 
displayed page, each generator containing up to 12a different 
characters. The character generators theu&elve* contain, for 
each character definition a pattern of l's end O's indicating to 
the TOP the foreground and background portions of each character 
respectively as shown in figure 4,9, The structure of each 
character generator is as follows: 

She first byte of the generator (at the address 
indicated by the contents of the character generator base 
address BACCn, where n-0,1,2 or 3) contains the definition of 
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I CURE 



4.5 : APPLICATION OF DOUBLE HEIGHT AND DOUBLE WIDTH ATTRIBUTES 



PAGE MEMORY 



DISPLAY 




SINGLE 
SIZE 




PAGE MEMORY 



DISPLAY 




DOUBLE 
HEIGHT 




PAGE MEMORY 



DISPLAY 




PAGE MEMORY 




DOUBLE 
WIDTH 




DISPLAY 



DOUBLE 
SIZE 
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FIGURE 4,6 : LIMITATION ON USE OF DOUBLE HEIGHT ATTRIBUTE 



PAGE MEMORY 



DISPLAY 




INTENDED AND 

RESULTANT EFFECT 



CORRECT USE 




D1SPLAV 



PAGE MEMORV 




INCORRECT USE 



/ 



INTENDED 

EFFECT 




DISPLAY 



X 



RESULTANT 
EFFECT 
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the lest line of the first character, i.e. the character refered 
to with a code of 0. The foil owing byte In the memory contains 
the definition of the Lust line of the second character In the 
generator, i.e. that refered to with a character code of I, and 
so cm, up to th& 1 28th byes, of the table (at the Address BACCn + 
127} vhleh contains the definition of the last line of the lut 
(!2flth) character- The structure then repeats with the nest byte 
In the generator containing the definition of the n**t to last 
line of the first character and so on, tip to the 256ch byte fat 
address BAGCn + 255) which contains the definition of the next 
to last line of the last ehataeter. This pattern continues until 
all the lines of all the characters have been defined, TMe 
structure la shown In figure 4-10, A convenient formula for 
finding the address of the Nth line of the Hth character is; 

Address - BAGCn + ({10 - H) x 128) + (H - 1) 

«lthi 1 N 10 and 1 H 129 



4-2.4 Serial attribute* 

Aa we have seen, the first 9 bite of the page memory 
contents defining one character contain the description of the 
character foreground colour, from which character generator its 
shape is to be taken, Its site, whether It is to be inverted and 
whether it la to be flashed. These features are termed parallel 
attributes, and since each character is associated with its own 
set of these attributes, they can be defined on a character by 
character basis and only affect the display of the character 
cell to which they refer- Other possibilities exist for altering 
the visual representation of the characters which can be applied 
to a group of characters on the screen. These arc termed serial 
k ic-ne attributes- They include: background colour, masking, 
incrustation and underlining. 

Serial attributes are controled by writing a special 
delimiter character at each end of the zone to be affected as 
shown In figure 4.11, 



FIGURE 4.11; APPLICATION OF SERIAL ATTRIBUTES WITH TWO 

DELIMITERS 



I Delimiter I Series of normal characters I Delimiter j 




J A 



\/ End of first 

serial rone Zone to which the serial rone and atart 
attributes will be applied of next 
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The two delimiters at each end of the zone are in fact 
identical, Che trailing one indicates the end of the mna 
implicitly aimply by defining the start of another tone. 

One character in each generator is reserved to indicate 
the zone delimiter, This i» the 32nd character which has the 
character code >20 In he*. This value has been chosen because it 
Is the ASCII code for the space character, and since the latter, 
fry definition has no foreground component, none of the nont«l 
parallel attributes have any effect on its visual representation 
(for example, a spec* cannot he flashed). 

The delimiter character when found by the VDP is 
displayed as a space, that is a character cell with a uniform 
colour. The delimiter itself is stored in the page meHory with 
the same two byte structure as normal characters, the difference 
being that the TOP interprets the first 9 attribute bite 
differently, and specifically to indicate the attribute* of the 
following rone, up to the ncjst serial delimiter. The two bytes 
stored in the page memory are shown in figure 4*12. 

Figure 4,J2! PAGE MEHPRTf CONTENTS F0$ A DELIMITS* CHARACTER 



Even byte 
/\ 



Odd byte 
A 



BFJ CF] RFJ MSK | ISC | SB ! CB | RB | | UNL I hex >20 



Table 4.3 describes the significance of aach bit. 
Table 4.3 : Bit significance of delimiter attribute* 



H5K 

INC 




Masking 
Incrustation 



> Background colour of the zone 
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The throe bits BF, GF, and SF define the colour of the 
whole of the delimiter character cell irrespective of the 
contents of the character generators at character address ?20. 
II the masking attribute was active in the tone pxeceedlng the 
delimiter, and masking is enabled, however, the colour of the 
delimiter will he the same as the background colour of the 
preCeeding cone. 

The three bits BR, GB and TtH define the background 
colour for eh* following characters up to the next delimiter or 
the eud of the row whichever occurs first* The background colour 
1b the colour of these pixels defined at in the character 
generator- Mote that this will be the case irrespective Of 
whether the preceeding zone was masked or not. 

The MSK bit controls the masking attribute- For this 
bit to h#ve an effect* the masking enable bit DC 3 in command 
register CH2 must be set. If DC3 Is reset, the state of WSK will 
be Ignored. The MSR bit. when set with DC3 set, causes all 
following character cells, up to the next delimiter or the end 
of the row, whichever cones first, to be displayed as spaces - 
The colour of the following spaces will be that defined by BB, 
GB and BB. Figure 4-13 show* che effect of the marking 
attribute, 

The IMC bit controls the incrustation attribute, For 
this bit to have an effect, the incrustation enable bit DC4 in 

command register CM2 oust be set, If BCli is reset, the state of 
INC will be ignored. Additionally, if the VDF is programmed in 
internal sync mode. I.e. the nync mode control bit Del in 
command register CH2 la set, the Incrustation output signal I 
will be forced to a continuous high level irrespective of the 
Incrustation attribute- The IMC bit then, when aet to one, with 
DC4 set and Del reaer, causes the I output signal to go high at 
the Start of the delimiter end remain high until the next 
delimiter with INC net to tero or the end of the row whichever 
occurs first. If additionally the Buperlmpoeltion control bit 
DCS is also set, the I output signal will only go active high 
during the foreground parts of the characters and not during the 
background parts or during any of the delimiters included in the 
inc rusted tone. This Is shown in Figure 4-14. 

The R, G and B output signals are forced to n Low level 
whenever the I output signs! is low. 

The UNL bit controls the underlining attribute. Foe 
this bit to have an effect, the underlining enable bit DC? in 
command regiater Crl2 mist be set- If DC7 is reset, the state of 
VRL will be ignored. The effect of the underlining attribute 
depends on whether the character affected is alphanumeric or 
alphamosaic Aa far as the TOP is concerned, whether the 
character is one or other of the two sorts depend* entirely upon 
which character generator it comes from. Character generators 
and I, l.«. those indicated by base addreases BACCO and BAGC1 
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FIGURE 4.14 : EFFECT OF INCRUSTATION AND SUPERPOSITION 
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. -II :: 
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EXTERNAL VIDEO 
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^C 
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respectively, « e , lHa y 8 considered to contain alpha-nuoerlc 
characters. Character generator 2, indicated by the contents of 
base address BAGC2, i» always considered to contain alpha-mosaic 
character!. The fourth character generator, Indicated by BAGC3, 
can be defined as cither containing alpha-numeric or alpha- 
mosaic character^ by programing bit DC5 in coniaand register CM2 
to terD or one respectively. 

For alpha-numeric characters, the effect of the 
underlining attribute is to display the vhole of the last line 
of the character to the foreground colour defined: for that 
character irespective of the bit pattern contained in the 
character generator. For alpha-mosaic characters, the effect of 
underlining ia to display the third, seventh and tenth revs ., 
together with the firat and fifth columns in the background 
colour iraapeetive of the content? of the character generator. 
These two affects are shown pictcxially in figure 4,15. The 
delimiters themselves ate not underlined even if they are 
preceeded by a cone in urtiich this attribute 1b active. 



4.2.5 Alpha-mosaic attributes 

The nine attribute bits associated with characters 
taken from an alpha-nasal? character generator are interpreted 
in a slightly different fashian from those of a normal alpha- 
numeric character generator. 



Figure 4,16 shows the contents of the 
defining th* alpha-mosaic character cell. 



two bytes 



Figure 4.16! PAGE MEMORY CONTENTS DESCRIBING A MOSAIC CHARACTER 



Even byte 
/\ 



\ / 



Odd byte 
A 



\ 



SF J CF | RF f CCl | CfiO f BB f Gfl | RB f | FLS f CHE CODE | 



Table 4,4 describee the significance of each bit. 
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FIGURE 4-1.5 i EFFECT OF UNDERLINING ATTRIBUTE 



CHARACTER FROM AN ALPHA-NUMERIC GENERATOR 
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Table 4.4 ; in SIGNIFICANCE OF ALPHAMOSAIC ATTRIBUTES 



Bit 

BF 
CF 
RF 

CCJ 

BB 
Gfi 
RB 

FLS 

CHR 

I CODE 



Description 



> Foreground character colour. 



\ Character generator defined tP 

> contain alpha -mosaic characters, 
/ 

\ 

> Background character colour 

Flashing 

Character number in the defined 
generator (7 bits) 



As for normal characters the three bita 

define the foreground colour of the character. 



BF, GF and RF 



The character generator select bits CGJ and CCO must 
indicate a generator containing alphe-aosaic characters aa 
described above. 

The three bits IB, Cfl and RB define the background 
colour of the character Itself and also the background colour of 
the following alpha-rjuBeric characters. This means that as far 
aa background colour is concerned, an alpha-Basalt character 
acta just like a xone delimiter. 

The FLS bit haa an Identical effect in the ease of an 
alpha-mosaic character as in the cape of an alpha-micierle one. 

Note also that the underlining attribute is also 
interpreted differently for alphe-nosaic characters aa described 
in paragraph 4.2.4- 

4. 2.6 Command rep; inter CH4 and full page attributes 

Ail of che aerial attributes described in the 
proceeding paragraphs are active far aonea di characters on the 
screen. The end of the sones are indicated- either by another 
delimiter, uhleh has the effect pf defining the start of a new 
zone, or, the end of the rov whichever occurs first. The end of 
each row, and consequentially, the beglning of the next row acta 
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just like a deiitaiter with the state of the serial attributes at 
the start of each row defined by the contents of command 
register CH4- 

Command register CH4 le an eight bit on chip register 
accesses In exactly the same way as the other coinnand registers;. 
ItB contents are shown In Figure 4*17 and the significance of 
each individual bit Is described in Table 4,5- 

FIGURE 4,5; COMMAND REGISTER CM4 CONTENTS 

| BH | CM I RM I X I MR I LR I IR I K I 



HSR 



l,SB 



TABLE 4,5; DISPLAY ATTRIBUTE REGISTER 

( 6 K,4 1 



HAME 


1 


FUNCTION 




BH 

CM 

RM 


r \ 

i > 

i / 
i 


Margin colour and 
bank £ round colour at 
the start of each row 




X 


i 


Not used — don't care 




MR 


1 

i 


Masking 




LR 


i 
1 


Underlining 




IR 


! 

1 
■ 


Incrustation 




X 


t 


Not used - don't tare 





The three bits BM, CM end RN define the colour of the 
margin around the whole screen and also the background colour at 
the start of each row. 

The three bits MR, LR end 1R define the state of the 
■asking, underlining and Incrustation attributes, respectively 
at the start of each row, Note that for these attributes to have 
any effect, the relevant enable bits, DC3, DC? and UC4 in 
command register CHZ must be set juat as for normal delimiters- 

Additionally, if IR Is set, DC4 is set and the 
super-imposition control bit PCfl is reset, the 1 output signal 
will also be high during the display of the margin, including 
the upper and Lover borders, irrespective of any **rial 
delimiters in the active part of the page. 

Figures 4,13, 4.14, and 4,15 show the effect of MR, IR and LR, 



TEXAS INSTRUMENTS 4-23 

Document Scanner par humeur@orange.fr i search a TI99/4a and Exelvision Computer 

contact me 



4.3 Bit-mapped mode 



The VDP is placed ill blt-Biapped made by programming the 
node control bits CTl and CT2 in command register CM3 to one and 

scro resptici vcly. 



In Mt -mapped, or graphics, mode 
pixel of the displayed image 
latter is made up of 320 pixels 
in 623 line mode, or 256 pixels b 
one of which can be displayed in 
no character generators pssoclat 
ao Ehetr base addresses BAGCO to 
possible to define che margin co 
the 1 output signal, however j as 



the colour of each individual 

1b tndependantly definable, the 
Horizontally by 250 vertically 
y 210 in 535 line mode, each 
one of eight colours. There are 
ed with the bit-mapped node and 
BAGC3 are not used. 1c is still 
lour and control the state of 
19 described below ■ 



4.3,1 Page Denary 

In the sane way as for text node, BAPA points to an 
area of senary containing the information necessary for the VDP 
to generate the displayed image- Since each pine.1 can be defined 
to take one of eight colours, three bits are required for this 

purpose. The red, green and blue bits for each group of eight 
pi*e la ore contained in three consecutive bytes in the pate 
sensory ea shown in figure 4. IB, 



FIGURE 4. IB; PAGE HEH,01Y STRUCTURE FOR 8 PIXELS IN BIT-MAPPED 

K>DE 



IBBEBBBBB | IGGCCCCGG 



ftRRRRRRR 



1 II II J 

Blue of Blue of Green of Green of Red of Red of 

Nth point N+7th Nth point K+7th Nth point *H-7th 

point point point 

40 groups of these triplets define the colour of che 
320 point b on each line making 120 bytes per line as shewn in 
figure 4 '19, 



4.3.2 Control of the I output and margin colour 

Following each group of 120 bytes are two extra bytes 
the contents of which ore shown in Flgura 4,20. 
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FIGURE 4.20: Content* of 121st and i22nd byte of each line 
l ^lBt byte i22„a byte 

I 1!H I GK I KM U j MB | m IR I I I i I output control | 



The contents of the 121st byte are copied In to the CM 
contend register at the end of each active lint. The three bits 
BH, GM and RM define the colour of the left and right part* of 
the margin of the following line. The contents of the 121st byte 
of the last line of the display define the colour of the upper 
and lever margin areas of the display together with the left and 
tight part* of the margin of the first active line of the 
display . 

The MR bit, when set, causes the whole of the foil owing 
line to be displayed in th* border colour as defined; by the BH, 
GM and RM hits. Note that the border itself will not be 
displayed unless DCJ-1 or DC1-0 with IR-1. 



The LR bit is not In ten ted for use in bit-mapped mode 
should always be programmed to Bern to avoid 



and so 

tinpredle table results. 



In Internal sync mode fDCl-1), the IR bit has no effect 
on the display. In external aync node (DCl-O) the IR bit, when 
set if PC* la set, causes the I output signal to go high for the 
whale of the next line, including the border, irrespective &f 
the contents of the 1 22nd byte. 



The concents 
the state of the 
displayed. Their ac 
synchronisation mode 
Each line displayed 1 
each bit In the 1 22nd 
of these groups; i.e. 
state of the I ou 
following line. The 1 

Controls the I Output 



of the 122nd byte On each line controls 
1 output signal foe the following line 
tlon depends on the state of the 

Control bit DC1 in cocraand register CM2. 

s divided up Into 8 groups of 40 points and 

byte of every line is associated with one 

the Nth bit in the 122nd hyte controls the 
tput for the Nth group of 40 points of the 
22nd byte of the last line of the display 

for the first line of the display. 



If DCl Is «ro, the I output signal Will be low during 
the whole of the margin area and will only change to a high 
level during the group of 40 points which have a one programmed 
in the corresponding bit position of the lZ2nd byte of the 
proceeding line. Additionally, the RGB outputs will be forced to 
a low level whenever the I output Is low. If DCl is at a one 
state, the I output signal will be high during the whole of the 
margin area, and will only go Idw during s group of 40 points 
which have the corresponding bit position in the 122nd byte of 
the proceeding line programmed to one. In this case, the RGB 

outputs are not blanked when I Is low. 
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Slocc there are 172 by tea needed to define one line of 
th* bit-mapped display, and there are 250 active line* on the 
screen, the definition of one page occupies 30500 bytas of TOP 

4.4 Hi* erf node 

the VDP is placed in talked mode by programming both of 
che node control bits CTl and CT2 In command register CM3 to 
one* 

Hlxed mode, as Its name Implies allows both text and 
bit-mapped display on the flame screen. These two nodes may be 
nixed in any «ay the user chases on a lln£ by line basis with 

the sole limitation that the display must start with a row of 
text. Linea programmed in bit mapped mode may be grouped 
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Individually-, * row of text will, of course, take up 10 lines of 

the displayed Image* 



A. 4-1 Page memory 

Each line of graphics or row of text is followed in the 
page memory by two extra bytes. These would be the 81st and 82nd 
bytes of a text row, or the 12ist and 122nd bytea of a bit- 
mapped line. Tlieir contents is shown in figure 4,21. 



FIGURE 4-21: CONTENTS OF THE BYTES FOLLOWING EACH LIME Oil ROM 
Blst or 1 21st byte 82nd or 122nd byte 



J AM | CM I RH | C/G | HR ! LR I IR | X | | 1 output control | 



, 



The contents of the 81 ST. or 121st byte are transferee 
into commnnd register CM* at the end of each active line or row 
In the same manner as in pure bit-mapped mode. The three bits 
BH, GH and RM define the colour of the left and right portions 
of the margin of the following line or row. These three bits In 
Che Blst or Ulet byte of the last row or line on the screen 
define the colour of the upper and lower areas of the margin 
together with, the colour of the left and right portions of the 
margin of the first row- They also define the background colour 
at the stare of the first row. 

The C/G bit defines the node of the next part of the 
display- If programmed to one, e line of graphics will follow, 
end if programmed to cero e row of text will follow. If ■ row of 
text is requested, the contents of the 82nd Or 122nd byte will 
be ignored. The state of the C/G bit will be ignored for the 
Blat or 121st byte of the last line or row of the display since 
the latter always starts with a row of text. 

The three bits HE, LE end IE control the state of the 
Basking, underlining end incrustation attributes at the start of 
the next row, if the letter is in text mode, in exactly the ease 
way es the same hits at commend register CH4 are used in pure 
text mode- If a bit-mapped line is programmed, these three bits 
have the same effect as the corresponding hits in the 121st byte 
la pure bit -mapped mode. 

The contents of the 82nd or 122nd byte of each line 
controls the state of the I output signal during the next line, 
if the latter is in bit-mapped node, in exactly the seme way as 
the contents of the 122nd byte of every line In pure bit-mapped 
node. 

For rows defined in text node, the other attributes, 
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including the text mode control bite contained In command 

register CM2 retain the same significance a« in pure test mode. 

The ai»* of the page memory In mined mode depends on 
the mi* of teat and graphics *nd can bo calculated from the 
f o-l lowing formula: 

Total memory eize ■ a » H! + (C i 123) 

vhere T and C ace the number of tent rows 
and lines of graphics respectively, 



ft. 5 Subtitling mode 

Subtitling mode is a node with a reduced area of active 
display, the upper margin being extended to cover the rest of 
the screen- 

This area is equivalent to the last three row? of test 
on the screen. The peg* memory for this mode then occupies only 
240 bytee of VHP memory. All of the other potameteta and 
functions of text mode are retained. Note that the contents of 
the page memory base address EAPA will still point to the start 
of the information to be displayed even though this occurs on a 
lower part of the screen- 



TEXAS INSIWKEKTS 4-29 

Document Scanner par humeur@orange.fr i search a TI99/4a and Exelvision Computer 

contact me 



5 OPERATIOHAL SOFTWARE 

CONSIDERATIONS 

5.1 Initialisation 

5.2.1 Register pointer 

As explained in paragraph 3.3, all operational node 
controls and memory organisation are controled by on chip 
registers the contents of which ire defined by the CPU, To write 
to any of these registers the CPU makes use of the register 
pointer which On power up will contain an Indeterminate value 
and so must first be cleared. The only sure way of effecting 
this operation is to perform an access to external Vpp memory 
i.e. either of the accesses with the enable signal E2 low. The 
internal hardware of the TOJ* %g constructed in such a way that 
the register pointer is always cleared following a memory 
access. The data read from, or written to, the memory will 
doubtless be irrelavent for this first access, 

5.1-2 Control registers 

Fallowing the clearing of the register pointer, the 
control registers themselves, and the base address registers can 
be initialised. There is no intrinsic limitation to the order in 
■which the registers are programmed, or even an absolute need to 
programme all of then, however, certain considerations should bt 
observed: 

Programming control register CM has the aide-effect of 
halting the operation of the VDP timebase. This means that the 
display decoder ceases to mats accesses to the page memory and, 
in text mode to the character generators, and the K, G and B 
outputs are held low resulting in a blank display. 

Additionally, refresh of the DRAM's will also stop 
aince this ia synchronised to the display. During, the first 
initialisation phase following power up, this presents no 
problem since the memory will not contain any data needing 
retention, However, if CM1 is programmed during normal TOP 
operation then the time base should he re-e carted as soon as 
possible afterwards to ensure correct data retention in the 
dynamic memories. 

The tlnehase is restarted when any of the base address 
registers, i.e. registers 8 to 15, are programmed- It should he 
noted that the tlmebase will not simply carry on from the state 
in which it was halted, but with the various frame, line and 
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character counters, and Che auto-lncrementlng page displny 
accumulator, ACPA, all zeroed. Thus the display restarts with 
the first line of the upper border* 

A logical and suitable sequence of initialising the en- 
chip registers is therefore simply in ascending numerics! order, 
eomoenelng by command register CMl followed by the other command 
registers, and finally the base addresses- 



5,1*3 Character generators 

It is advisable to initialise the character generator 
tab lea only after the on chip registers have he en programmed. 
This is because ftn power up the due-base n*j not be running 
correctly and therefore correct DRAM refresh and hence data 
retention is not assured. Also, the sequence of initialising the 
command registers. as described above, results in s momentary 
timebase halt causing * hteak in the normal continuous refresh 
action, which* although probably too abort to cause problems, is 
best avoided when the BHAM*s contain useful data* 

Ihe character generator tables themselves are only 
accessed by the display decoder due to an explicit reference to 
their contents contained in the page display memory- Thus, II 
certain character codes are never used in the construction of 
the page display memory, it ia unnecessary to define the 
contents of the character generator table for those characters 
(it may nevertheless be convenient to do so). If no characters 
at ell are referenced from a particular character generator, 
then it is not necessary to define ita base address register 
contents on chip. 



5,1,4 Page display memory 

For the same reason as for the character generators, It 
is advisable only to write to the page display memory following 
initialisation and start-up of the tinebaHe- 

IVpically, page display oeoory initialisation will 
effectivly entail 'clearing' it, i*e* writing a uniform colour 
to all Pixels in bit-mapped mode, or writing spaces to all 
character positions in text matte- In the latter case, two 
alternatives present themselves: 

In the first ease, the page display memory is EiU«^ 
with delimiter characters <code >20) in all cells. As described 
in paragraph 4,1,4. the attribute byte associated with each of 
these delimiter* contains the colour of the space that is 
displayed as a result thereby allowing the page to be peered to 
tny uJform colour desired. The particularity of this technique 
of clearing the page display memory is that the colour of each 
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character cell is defined explicitly by its attribute byte and 
the prog rammat ton of neighbouring characters will not affect It, 
Put otherwise, the page memory has been filled with end of ibm 
delimiters B <> that any rune in which serial Attributes are 
active which is subsequently written on the screen will 
automatically terminate at the first untouched character en the 
row containing the tone- 

In the second case, the page display Memory la filled 
vlth a character not having the code >Z0 and therefore pot 

demons tracing the properties of a aerial tone delimiter {the 
code >00 is typically used for this}. The character generator 
definition for this character should be initialised ulth all 
leroee so that the display appears in uniform background colour. 
Since there ate no aerial delimiters In the page display memory, 
the background colour displayed will be the default background 
colour at the start of each row as defined in command register 
CM4. The border area around the active part of the display will 
also be in the same colour as a consequence. The difference now 
Is that the page display memory no longer contains tone 
delimiters bo that if the former is overwritten at some location 
by a start of sone delimiter (code >20) with consequential tone 
attributes, the sone thus defined, and hence the consequential 
visual effect, background colour etcetera, will propagate 
implicitly all the way to the end of the modified row. 

5.1,5 Data input buffer 

As described In paragraph 3.6 the data input buffer is 
initialised by programming the base address register defining 
the start of the allocated zone. BAMT. This will happen 
automatically when the base address registers are inltilaised 
following power yp, although it nay da desirable to re- 
initialise the buffer during normal operation {following a 
buffer overflow condition for example). 

The effect of initialising the data buffer is to reset 
the data provider write pointer ACMT to he equal to SAHT, i-e. 
the start of the buffer, and to set and reset respectively, the 
buffer empty and buffer overflow flags ST? and ST8 in the status 
register. If STfl was set prior to Initialisation indicating that 
the buffer had overflowed and that date provider accesses were 
inhibited, programming BAMT will remove this condition and data 
provider accesses will once more be allowed. 

Because ACMT is reset equal to BAHT and the buffer 
empty flag in the status register Is unconditionally set when 
the buffer is initialised it is thereafter not possible to 
determine how much data had been written into the buffer by the 
data provider but not read out of it by the CPU. Thus, care must 
be taken when initialising the buffer that the latter does not 
contain required data unless the CPU has accurate knowledge of 
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how many bytes ire left In it (1.*. where AC.KI was at the moment 
of initialisation) * It should also be noted that following a 
buffer react, although ST? indicates e buffer empty condition, 
the two pointers ACHT and ftCMP vill sot necessarily be equal 
Since th# latter ie only programmable explicitly by the CPU. 
Furthermore, It should be noted that under no circumstances is 
the CPU inhibited from reading the contents of the data buffer; 
this means that If the read and wrltB pointers are equal with 
the buffer empty flag ST7 set indicating that there are no new 
bytes to be read by the CPU, the latter can still perform a read 
access causing the two pointers to become unequal and therby 
reacting the buffer empty flag- This could cause CPU 
mlsoperation if, for example, an independent part of the Hofware 
checks ST7, since the latter now apparently indicates that there 
is useful data ip the buffet even though no data provider 
accesses nsy have taken place since the buffer became empty. 
Also, if a date provider access docs take place in this 
situation ACKT will be incremented following the access and 
become equ.il to ACHP, This is the buffer overflow condition and 
ST6 will be set to indicate it and further data provider 
accesses inhibited even though in fact there is only one unread 
byte in the buffer* 



5.2 Memory address pointer manipulation 

Paragraph 3,5.1 describes the operation of the on chip 
auto-inc repeating address pointers associated with the CPU* The 

following paragraphs describe their use in more practical terns. 



5.2.1 Safe pointer manipulation 

As described! In paragraph 3.5.1 the VDP contains two 
pointers associated with CPU accesses: ACWPxy and ACHP, The 
forcer is always s general purpose pointer for CPU reads and 
writes anywhere in the available VDP nemory, the second Is 
normally reserved for CPU reads from the data provider input 
buffer, but can be used like ACWP*y in ays terns not containing a 
data provider. 

In systems without a data provider, and hence an Input 
buffer, the simplest pointer manipulation technique from a 
software point of view, and hence less exposed to software 
errors, Is to use the ptinary pointer ACHPay foi all accesses to 
the VDF memory. This is accomplished by always re-progtsmning 
registers COL and/or HOW prior to any access which le either to 
a memory location other than the one Immediately fallowing the 
last location accessed, or Is In the oposite node to the lsst 
access performed, i.e. a read following a write or vice versa. 

The advantage of this technique la that no confusion 
arises as to which mode (read or write) is attributed to which 
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pointer, and therefore which pointer will be used for the 
access. AC.Hi'xy being uaed for them nil. 

The disadvantage la a Basil software overhead since the 

application programme must repeatedly reprogramme COL and SOU* 
for all accesses which are not both contiguous and in the same 
mode. If software execution time is not critical, then this 
method in recommended as a permanent technique and certainly for 
Initial users of the V&p who are not fully familiar with CPU 
pointer manipulation. 

5.2.2 Pointer manipulation with the data buffer 

In s y tenia implementing a data provider the pointer ACMP 
I* reserved for CPU reads from the buffer. It must not be used 
for any other access since this will destroy its contents and 
therefore the address of the next byte to be read out of the 
buffer will be l&sc. Ai explained in paragraph 3,6 ACMP ii 
initialised indirectly via the base address register BAHP and so 
the latter must be programed with the address of the atart of 
the buffer contained In the base address BAHT, Provided that 
ACHP is in, the read mode, the first read will copy the contents 
of BAMP into ACMP and the latter will be used for the access, 
thus reading the first byte of the buffer. Its value will be 
incremented following this and all subsequent accesses until Its 
Value becomes equal to the base address register BAHTF wherupen 
It will be automatically reset equal to 8AMP. lb us once 
initialised ACMP can thereafter be relied upon to always point 
to the next byte to be read. 

The fact that ACMP is totally dedicated to buffer uae 
means that ACHPxy must be used for all accesses of a general 
nature to the rest of VDP memory* This essentially means using 
the technique described in paragraph 5,2.1 however, an 
additional precaution is necessary: 

As described above , ACMP must always be In the read 
mode for accesses to the (Jatn buffer. FLowever its node at any 
particular instant VI 11 be the complement of the mode of ACHPxy. 
Performing memory reads with ACHPxy will place the latter in the 
read made and consequentially ACMP in the write node- This 
change of mode for ACMP does not. alter its contents but does 
mean that It cannot be immediately used for a buffer access - it 
must first be placed in the read mode* This could be effected 
directly by programming BAHP and performing a read access ss 
described In paragraph 3.5.1, unfortunatly this action will also 
modify its contents which la, of course, unacceptable. The only 
alternative is to change Its mode Indirectly by placing ACHPxy 
In the write made by programming COL or ROM and performing a 
memory write. This means. In sua, that ACHPxy oust spend most of 
Its time in the write mode, being complemented to the read node 
only when necessary , and always being returned to the write mode 
prior to any buffer access. 
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5. J. 3 Dual pointer manipulation without a data buffer 



In eya terns not implementing a data buffer, both CPU 
pointers are available for general memory data manipulation, 
both reads and writes. This can lead to far greater aottware 
efficiency with carefully atrticured use- 

As an example, consider the steps necessary to move a 
block of data iron one location In TOP atmory to another- Assume 
that 100 bytes are to be moved from a location starting at 
address *DRIG' to a location starting at address "COPY** 

Using the 'siople' t echini que, the ateps would be as 
shown In Figure 5. J, and using the 'fast* technique as shown in 

Figure 5.2. 



FIGURE S 



»1; Block copy lo TOP memory using "simple' technique 



STEP 


ACTION 


RESULT 




1 


Write "ORIG* to COL /ROW 


COL /SOW - "0RIG* 




2 


Memory read 


Read byte of original 




3 


Write "COPT' to COL/ROW 


COL /flOW - 'COPY" 




4 


Memory write 


Write byte of copy 




5 


Increment 'OHIG' 


ORIC - ORIG + 1 




6 


Increment "COPY" 


COPY <■ COPY + 1 




7 


Is ORIS - "OHiG" +■ 100? 


Check for all byte* copied 




5 


Loop back to 1 if no 






9 


Stop if yes 







FIGURE 5,2: Block copy in VDP memory using the *f«at* technique 



STEP | 

1 
2 
3 
4 
5 

D 

s i 



ACTION 

Write "COPY' to COL/ROU 
Transfer COL/flOW to DAMP 
Write "ORlC to COL/ROW 
Heeory read 
Memory write 
Is ORIG - '0R1C' + 100? 
Loop back to 4 if no 
Stop if yes 



RESULT 



COL /ROW - 'COPY' 
BAHP - "COPY* 
COL /ROW - "ORIS" 
i Read byte tiling ACMPay 
Write byte using ACMP 
Cheek for all bytea copied 



Examining thtae two figures shows that the loop sl&e 
for the "simple* technique la 7 operations (including the test 
for all bytes trenflf erred) , whereas it reduces to only 3 using 
the 'faat' technique thereby greatly increasing processor 
throughput. 
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5*3. Halt 1 page and scrolling 

The address of the first byte in the page display 
memory is programmed in the base Address BAPA bb described In 
section A, The value of this register can be modified at any 
tine by the Application aoftware to Indicate any aene in the 
memory containing diaplayabLe information, This give* an 
intrinsic mutipage storage capability, where any number of 
diatinct pages can be stored in VHP memory, the nne to b* 
displayed being indicated by the contents of BAPA. 

*l far is ecrolling Is concerned, two techniques 
present themselves: 

Ihe first technique ia to aimply re programs? the base 
address BAPA with its old value plus the number of bytes needed 
in page memory to display one row of text; this will normalv be 
SO in pure text mode. The result of this is that the display 
then starts with what was the second row of the display and all 
the other rows are scrolled; up by one with the last tow 
displaying data which previously D ff the bottom of the screen. 
This last row would typically be cleared before the scroll too* 
place. The advantage of this technique is twofold: firstly, 
little tine is necessary to perform it - the time taken to 
repregremme BAPA and possibly erase the hot ton row, and secondly 
the tent scrolled off the top of the screen is not lost so that 
the reverse operation can be performed and the display will 
revert to Its preceding contents. The disadvantage is that more 
and more memory is used each time that the display is scrolled 
resulting in an eventual limit «a to how many tinea the display 
is scrolled. 

The second technique does not alter the value of BAPA 
but performs a block move of the whole of the page one row 
upwards in memory so that the first row is overwritten by the 
second, the second by the third and so on- After the penultimate 
row Is rewritten by the last row, the latter Is erased. This 
gives exactly the same visual effect as the first technique with 
the Advantage that it may be effected as msny times as desired 
since the actual page memory rone never moves- The disadvantages 
are that unless first saved elsewhere in the memory the old 
contents of the first row are destroyed and that It takes much 
longer since the whole of the page memory must be copied. 

5.4 Compliance with teletext and videotex standards 

Although the VHP is a very flexible device allowing 
control over nearly all of Its display chsracterstics. certain 
features of some national teletext and videotex standard 6 are 
cot re* li sab I* by the hardware of the VHP but must be overcome 
by Judicious software manipulation. The following paragraphs 
indicate mode of these small divergencies together with a 
recommended technique for overcoming then. 
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5*4.1 Anttope 

Ant lope Ik the genetic name for the French teletext 
Standard - 

Two part iculsrl ties arrlse when decocting, this standard 
uiEh the VW'-- 

The first concerns the Basking attribute. As described 
In paragraph 4.1 ,4 a serial delimiter written in page display 
tnc-nary will be displayed In the colour specified in its 
attribute byte except when proceeded by fl zone In which the 
Basking attribute is active I.e. a previous delimiter has 
requested Basking and the global masking enable bit Is. set* In 
the latter case the delimiter will be displayed in, the sane 
colour a« the background of the prec ending Basked lone if 
msk-jnf; is enabled or in its own defined colour if masking is 
disabled. Figure 4»13 shows the effect of the Basking attribute. 
This is a nonconformity of the An Elope standard which specifies 
that a serial delimiter, used for example to define a new 
background, must always be displayed in that new background 
colour irrespective of any possible masking attributes. 

The solution to the problem Is simply to replace all 
aerial delimiters which occur during a masked cone, and which 
also define a new background colour , with a character trvm an 
alpha-Bosaic character generator which is defined as all 
foreground - in Antiope this would be the character >5F. Since 
alpha-EjOsslc characters are also serial delimiters as far as 
background colour is concerned, the substitute character has the 
desired effect of defining a new background colour, but does not 
suffer froo the colour change when inside a masked zone. 

The second particularity occurs only vlth a potential 
Cat the time of writing) change to the Antiope standard. This is 
the case pf separated graphics treated as a parallel attribute - 
The TOP treats separated graphics as a serial attribute and 
normally, a serial delimiter ia required. The solution is to 
create the alpha-mosaic character generator In two halves. The 
first contains all the normal alpha-aosaic characters and the 
second, the same characters but defined as they would appear 
with the separated attribute applied. Then, Instead of writing 
the Qorm&l character in the page Benory and applying the 
underlining attribute, its 'underlined' equivalent la instead 
written In Its place and the undellnlng attribute is not 
applied. 

Since only 64 alpna-moaaie characters are defined In 
the Antiope standard and the character generators in the VDF 
contain up to 128 characters, the same character generator can 
be used to contain both the normal and underlined versions of 
the characters. 



TEXAS INSTRUMENTS 5 - & 

Document Scanner par humeur@orange.fr i search a TI99/4a and Exelvision Computer 

contact me 



5.4.2 Ceefax 

5.4.3 Preatel 

5.4.4 Ttletal 

The discrepancies with the French videotex standard 
Teletel when Implemented with E he TOP are identical to those 
dlatujioed fur Ant lope in paragraph 5.6.1, 
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6 OPERATIONAL U5D«ARE 

CONSIDERATIONS 

6.1 DMA frequency and timing considerations 

At explained in aeetlon 3, the DMA controller is 
repponaibl* for sychronising, prioritising and finally executing 
all access requests to VDP memory. The densest period of memory 
activity is during, the active part of the displayed line, atnce, 
in addition to any possible data provider and CPU accesses, the 
display controller will be regularly reading the page memory and 
character generators in order to generate the RGB outputs. 

The actual DMA frequency used in any particular system 
is widely variable and the user may chose s value t& suit the 
particular application; for example, the frequency of a clock 
already used elsewhere In the system- There are however, some 
considerations to he taken into account, and these are discussed 
in the paragraphs that follow, 

6.1.1 Maximum DMA frequency 

The theoretical maximum DMA frequency is a parameter 
limited pure and simply by the maximum speed capability of the 
VDF which 1b a function of the technology uaed in its 
fabrication. As the VDP is fabricated using shrunk scaled HMOS 
(SH05), thia limit is fairly high and is situated above ISHHi- 
However, it should not be forgotten that the various memory 
access cycles ate all rimed from this master DMA clock and 
therefore the max i mum speed capabilities of the memory devices 
themselves are more likely to Halt the real maximum DMA 
frequency than the TOP itself. ThiB f of course, is the correct 
way round since it allows improvements in memory technology to 
be immediately appreciated in VDP baaed systems. 

As an example calculation af the maximum DMA frequency 
useable in a system, consider the case of a VHP connected to 
standard TWS4 164-1 5 DRAM's as shown in Figure 7. 1 L Table 6. 1 
lists the various TTL propagation, times for the interface shown 
and Table 6.1 gives a list of timing parameters for memory 
accesses for both the minimum memory requirements and what 
results from a variety of DMA frequencies. It has been assumed 
thot the standard VDP is uaed in 625 line mode (BT2 - 0) and 
normal memory timing mode (CT5 - 1). Some of the timing 
parameters have different values from those given in section 9 
because account has been taken her* af the effect and 
propagation times of the TTL interface shewn. The need and 
effect of the latter Is discussed in paragraph 6-4. 

TEXAS IWSTiUJMENrS 6 - 1 

Document Scanner par humeur@orange.fr i search a TI99/4a and Exelvision Computer 

contact me 



TABLE 6. It Memory tiding parameters *lth vising DMA free 
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Tw<CH) 


1 


Tsu(CA) 


0.5 
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VALUES AT DMA FREQS 
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Ins] I [ns] 



I 4164-15 

18MHz | HEMOJtV 
Jna] | SPECIiibJ 




6-1.2 Minltsun DMA frequency 

Titer* is no Intrinsic minimum DMA frequency limit due 
to hardware limitations of the VDF Itself. The real mioimun 
frequency cones from the need for the display controller te 
necess the page display memory a fined number of times during 
each active display line. The actual calculation of the minimum 
frequency will therefore depend upon the duration of each 
Individual access in terra of DMA cycles, the mjobtr of accesses 
to be made during the active part of the displayed line, and 
finally, the length o£ the active part of the line. 

As an example, consider a system using the standard TOP 
p roe rammed In 625 line mode with standard memory timing and 
displaying a page of pure text. Assume also that the dot clock, 
or tlmebase oscillator is running at Its typical frequency for 
this mode of 7.25MHJ! giving a standard CC1R line duration of 
64us. With these conditions, the TOP will be accessing the 
■emery once every l.Q85us to display one character. The display 
decoder needs to read three bytes from the memory in this time; 
a double access taking £ DMA cycles to read the attribute and 
code bytes followed by a single access taking 5 DMA cycle? to 
read the character generator giving 13 cycles in all. since 
these 13- cycles must be performed in a maximum of 1,085-us. a 
simple calculation of 1.0B5us/l3 gives the Daxlmuia DMA period 
allowable of &J.3ns equivalent to a DMA frequency of N.«PM]lir. 
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Thus any frequency below this will result in the display decoder 
not being able to read J*U the information necessary and picture 
degradation will result- Additionally, in this situation, the 
memories are occupied IdOl of the duration of the: active part Df 
each line leaving no tine for either dats provider or CPU 
accesses. If either of these two device a request an access It 
will however bo acknowledged since they have both higher 
priority than the display requests. Hie resulting access will 
reduce the time available for display accesses, which, being 
already minimum, vill oa aln cause display errors. 

tfcider normal circumstances, therefore, it is 
imadvisable to use the theoretical minimum BHA frequency , unless 
neither the CPU nor the dsta provider ever make accesses the 
memory during the active part of the displayed lines. If 
absolutly necessary, it is p&asible to assure this latter 
condition by firstly setting bit CW to one in command register 
CM3, thus disallowing CPU accesses during the active part of 
each line, end secondly synchronising, the TOP timebase to the 
intttimainfl video signal so that in the case of VHI teletext 
operation, the data provider only requests accesses during the 
frame blanking period. Since both of these restrictions arc not 
without their disadvantages, it is much better, if at all 
possible, to use the maximum practical DHA frequency, or at 
least one which allows the display decoder, CPU and data 
crovlder to access the memory asynchronously At their respective 
Bftsi*um rates without exceeding 1001 memory ocupatlon and 
therefore degrading the displayed image quality. It should, 
however, be pointed out that missed display accesses from tine 
(□ time, say less then one per frame on average, will be hardly 
notlcghle visually- 

To determine the minimum BKA frequancy when either CPU 
or dota provider accesses are allowed during the active parts of 
each line it is necessary to calculate the worst case delay 
experienced hy the display decoder. 

In tent node the decoder requests a double and a single 
access at the start of each character time- It no other accesses 
are on-gelr* at that time, a ^synchronisation delay of up to 
2.5 DMA cycles occurs as explained in section 3. It, during this 
tins a CPU or data provider access request becomes active, 
because it Is of a higher priority it la executed first ceding 
an additional delay of 5 9KA cycles. The double display access 
is then performed taking a further B DMA cycle* giving a total 
delay of 15. S BMA cycles. For the information to be useable by 
the decoder, the cycle must collet* ** 1*» thflT1 9 dot dl f^ 
periods. A simple calculation then gives the minimum dha 
frequency to bo 15.5/9 or 1.72 times the dot clock. 
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Performing the same calculation for the single display 
Access gives a saximun delay of Z0.5 DMA Cycles. This rnuBt take 
less than the Maximum delay of II dot clock periods available to 
the decoder giving a minimum DMA frequency of 1,86 tinea th* dot 
clock. 

Thus in text mode: 

Minimum DMA frequency ■ 1.36 * Tine base frequency 

In bit-mapped node the calculation 1b slightly 
different because of the alternating nature of double and single 
accesses. The worst case condition turns nut Co be when a CPU or 
data provider access request occurs between a single followed by 
a double display access. In this case the maximun delay 
experienced by the first byte of the double access Is; 2.5 
cycles for synchronisation, 5 cycles for th* single display 
access, 5 cyclep for the CFU or data provider access and 5 
cycles for the first pact of the double display access giving 
17.5 DMA cycles in all. As for teitt mode operation, the first 
two bytee must be available to th* decoder within 9 dot clock 
periods givine. a minimum DMA frequency of 17,5/9 or 1,95 times 
the dot clock. 

Thus in bit-taapped mode: 

Minimum DMA frequency - I.95 x Time base frequency 

6.2 Tine base considerations 

The time base is responsible for generating all the 
cl«ing signals required by the display decoder. These are 
derived froia the master time base oscillator. The latter is also 
often reffered to as the dot clock since th* duration of each 
displayed pixel la equal to one period of the oscillator. 

In Internal synchronisation mode, i.e. DC I in command 
register CM2 is zero, the line and frame counters are perfectly 
synchronised to the dot clock resulting In a fixed length for 
each line which is an Integer number of dot clock periods, and a 
fixed number of lines per f raise ag defined in Table 4.1. Ag a 
result, any variation in the oscillator frequency will be 
directly translated Into an equivalent variation, in percentage 
terms, of the lengths; of the scan lines and f tames. 

In general, it is possible to say that the msximna 
allowable variation in the duration of these two characteristics 
Will be far less for the display device employed than the VDP 
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Itself; I.e. the monitor or TV specification should be used to 
determine the allowable variation in the dot clock, frequency. 
The only real limit to timebase frequency variation, as far as 
the VHP la concerned In the absolute oaKlrajni frequency given In 

l.i.'.: [ I nil 9. 



S.3 Clock generation 

As described in section 2, there are several techniques 
available to generate the two required clacks - DMA ind 
tlmebase- The clocks may either be generated externally to the 
TOP and Input an pins OBE and ODF- for the tine base and DMA 
oscillators respectively, or resonant circuits any be connected 
between pine OBE and 0R$ for the tinehase, and ODE and 0E5 for 
the DMA oscillator. The resonant circuits themselves nay either 
take the form of a ceramic resonator or an LC tank circuit as 
described In section 2. If o ceramic resonator is used, the 
manufacturers instructions should be observed as to any possible 
additional component a to be included. It should be remembered, 
however, that an LC tank circuit oust be used for the tlmebase 
in external synchronisation node due to the need to 
resynchtoniss the timebase oscillator at the start of each scan 
line. Use of quartz crystals is not recoaaended for cither 
oscillator due to their much higher Q end resultant start-up 
difficulties. 



6.4 External synchronisation 

In external synchronisation mode (DCl - 0), the TOP 
usee the line and frame, or line and composite siRiials input on 
pins SLL and SCT to synchronise the line and fTaoe counters aa 
described In paragraph 3.8.3. Kotably, the falling edge of the 
line sync signal present on 6LL Is used to directly reset the 
character or pixel counter and a new line is immadiatly started. 
As described in paragraph 3.7.G each new scan line starts 
immediately with, five refresh cycles, the first of which starts 
immediately on the Calling edge of SLL, To perform the refresh 
cycle, the VfJP accesses the internal refresh accumulator ACHE-F 
which Is physically located in the same neoory block as the 
other on chip accumulators and base address registers- Under 
normal circumstances, no problem will arise since no internal 
RAW location is accessed during the line retrace period apart 
from ACREF. If, however the externally supplied fiynt signal on 
SLL happens to occur whilst the VDP is in the active port of the 
line, and hence accessing pther internal registers, due to the 
Internal delay times in the TOP the refresh cycle nay well start 
before the precteding internal access was complete resulting in 
corruption of the accumulator or base address register being 
accessed at the time and a modification to its value. 
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As a consequence, under no circumstances oust i lint 
sync pulse occur on SLL in internal ayne node during the active 
part of any line unless the base addresses are reprog tan^ij 
afterward j. Notably, care must be taken in teletext receivers 
when changing from one received channel to another since In moat 
cases, it is unlikley that the two channels will have line sync 
securing at the sane instant' In this case, the TOP Bust be 
reinitialised by reprog ramming its base address registers 
following the application of the new synchronisation signals on 
SU and SCT. 



6.5 System interfaces 

s . -■ . I Memory Interface 

Since the TOP is designed to work with standard PRAMs 
there are feu hardware considerations to be observed when 
designing the TOP to memory interface. Nevertheless, two 
particular considerations should be taken into account: 

Firstly, reference to section 9 shows that the column 
address hold time after CaS goes low la fined at 25ns, and la 
neither a function of the memory timing option selected nor the 
frequency of the DMA clock- Since this tin* is too short for 
host DRAMs, external hardware, in the form of a latch, must be 
added to comply with memory specifications. The TMS4L64-I5 for 
eaample Specifies a minimum thCLCA Of 45ns. 

Secondly, all VHP to aemory write cycles, including 
data provider accesses, are ordinary write cycles as oposed to 
what is termed 'early write cycles*. Reference to DRW date 
sheets shows that this type of cycle results in the outputs of 
the memory going low impedance for pert of the time when a write 
la performed. As a result, it is not possible to simply connect 
the D input to the Q output for each memory, as Is done in 
simple memory systems, and a buffer must be used to Isolate tho 
two signal lines. 

The recommended hardware Implementation of these points 
is given in section 7. 

6.5.2 Date provider interface 

The data provider interface is composed of the two 
handshake lines HWP and HI 2 and the eight bit TOP/memory data 
bus BO to D7 as described In paragraph 2.3.2. When the data 
provider has a byte of data to be written into TOP menc-ry, it 
first takes its access request line BMP active low. From 
paragraph 3.7.7 we can calculate that the minimum resposc time, 
Is the ease when no memory cycles are on going, is 1,5 DMA 
cycles following which, the data provider access will commence- 
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In the worst ease situation, a double display cycle will jost 
have atsrtod when the access Is requested and a delay of 7 (at 
least one cycle tmJSt have octared) &MA cycles (with e cstirfard 
neaory tilling selected) will result. The delay from the start of 
the cycle to the felling edge of H1Z Is fisted at I DMA cycle 
mafcinR the total delay frwa the falling edge 9i BMP to the 
falling edge of HIZ variable front 2,5 to B cycles as shown in 
Figure 6.1- 



FIGURE *. Is Data provider access timing 
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Figure 6.1 shows that the data pi-ovidcr must not 
Immediately output It? data onto the t)0 to D7 bus as soon as it 
sees K12 low because the TOP will not yet have strobed the tow 
and column addreasea into memory* Rather, It must wait for the 
TOP to ttlstate Its DO to D7 bum following the falling edge of 
CAS, Since the time delay from CAS falling to D0/D7 tristste is 
relativley short, a logical combination of RIZ, and CAS is 
adequate in most cases co generate an output enable signal for 
the data provider, 

Wote Chat there la no naKimum HMP low pulse nidth 
specified. This is because HMP Is an edge triggered input and 
only the falling adgc of KHF is recognised and latched 
Internally in the the TOP. One Idiosyncrasy of TOP operation 
should however be considered if BMP la to be left ic-w for an 
extended period. This is that if the data input buffet is reset 
by programming the base address BAMT whilst HMP is low, the VDP 
internal logic generates a false data provider access request 
with the consequential undesirable modification to the various 
data buffer pointers, and in particular the input address 
pointer A<M, Since the buffer is by definition empty after a 
reset, a false access request will cause the buffet empty flag 
to react indicating that one byte has been written by the data 
provider whereas no access has in fact taken place - 
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7 APPLICATIONS EXAMPLES 

7-1 CPU - VDP interfaces 

7-1-1 TNS70OO Single chip interface 

B> fflr thft el °P les£ ""ethod of interfacing the THS70Q0 

CPU to th# TOp from a hardware point of view is shown In Figure 

7.1. The requited TOP control lines, EJ , E2 and RWH being simply 

derived from one of the output petto , in this case PORT », and 

the eight bit bidirectional bus HPO to MP? is connected: to a 
bidirectional pott, in this c«ae PORT C. 

The TMS70GQ is configured in Single Chip mode so that 
the applications software, contained in the on chip program ROM, 
has full and Independent control over the state of esch of the 
11 interface lines. 

Note that the ED¥ signal from the VHP is not used ia 
this configuration, because in all cases the the tore deal 
calculation shows that tfie TOP will always react faster then the 
Interface can read or write data. 

Typical TWS7000 routines for using this type of 
interface to read or write TOP Internal registers or external 
RAM ate given in section 6, 



7,1,1 TMS7000 semi memory mapped interface 

The Interface described in paragraph 7.1.1 although 
being the si-oplest from a hardware point of view does suffer 
from the fact that the applications software must execute one 
instruction each tine that one of the signal lines changes 
state. For example, to output a low going pulse on RwM, two 
instruct Ions are required, one to send RVM low, end one to 
return it high again. This need to explicitly define the states 
of all interface signals means that the routines for 
communicating with the TOP are relatively time consuming. In 
many applications this presents no problem since a high rate of 
data transfer to and fton the TOP is not required. For example, 
In conventional videotex terminals the recteved characters 
arrive at a rate of 120 per second giving ample time for any 
consequential CPU - TOP communication- In some cases however , 
notably in teletext applications where the Input data rate is 
much higher, of the order of 1Mbyte per second, CPU - TOP 
communication must take place much faster and, in general, 
accesses to the memory will he much more frequent since. In 
addition to the much higher date rate, the CPU has to read the 
incomnlng data from the data input buffer in addition to writing 
the page display memory. 
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The interface shown In Figure 7.2 goes nose way towards 

Solving the problem. Termed a 'semi memory-mapped' interface it 

operates in a mixture of software driven part control and 
hardware driven memory bus control. The TH5T000 for this 
interface is configured Id full expansion mode wherin name of 
the lines of the B pert are used to Output hardware generated 
memory control signals which, suitable modified, are used to 
generate Bone of the CPU - vdp interface signals. In addition 
the C port becomes the CPU's data bus In this node and this is 
connected via a buffer to the TOP'S MP bus. The software 
routines to access the VDP are now both shorter, in tttai at 

object code, end W>re importantly, execute much faster. 

Various examples or suitable software routines to 
access the VDP using this interface are given In section S. 



7.1.3 Full memory-dapped interfaces 

The technique described in paragraph ?. i . 2 of using the 
hardware generated CPU memory control signals to generate some 
of the VDP control signals can be taken further to a point where 
all of the required signals, including the actual reading or 
writing of the data to or from the KP bus. are generated from 
the CPU's memory control signals- This represents the ultimate 
performance achievable in terms of speed since, in most cases, 
only a single instruction Is required to perform a read or write 
access to or fron the VDP. 

The general strueura of this type of Interface is shown 
In Figure 7.3. The actual hardware realisation of th* interface 
will depend very much on the processor used, but the principle 
remains the same; the El and £2 control signals are generated 
from the CPU's address bus - different access addresses being 
used by the CPU foi each of the various TOP access types, RWH ia 
generated from the CPU's R/B or WE output line with perhaps some 
timing modification to respect VDP requirement e and the MP bus 
Is simply tied directly to the CPU's data bus. Hote that since 
thla interface will result in accesses being perforated in a much 
shorter time than with the two interfaces described above, it is 
possible that with high performance processors, the state of th* 
RDY line must also be taken into account, and notably account 
oust be taken of the fact that the ready line does not react 
identically for read and WTite cycles, 

One example of a full memory-mapped interface used with 
a TMSTOOQ appears in Figure 7. h. In this case s PROM is used to 
replace some of the logic required In order to reduce the chip 
count. Because the THS7000 does not provide a ready input, and 
that in souse cases the resd access time of the VDP will be 
superior to that required, a technique is eoployed wherby two 
consecutive read cycles are performed by the CPU to read one 
byte of data from the memory. The first starts the read access 
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and the second retrieves the read data and puts the VDF 
Interface back in the inactive state This is not required for 
vritt cycles since the TOF's write access end cycle times (chest 
are not the same) are sufficiently short in all cases. 



s. 



Example software for this interface la given in section 



7.1.4 UTTEL 8048 interface 

A single chip interface between the VDF and an Intel 
404B processor appear* in Figure 7.5. This operates In a Similar 
■Banner to the TM5 7O0Q alible chip Interface. 



7.1.4 MOTOROLA 6S0I interface 

A single chip Interface between the TOP and a Motorola 
6801 processor appears In Figure 7.6. This operates In « similar 

Banner to the THS70DO a ingle chip Interface. 



7.2 VDF - Data Provider interface 
7.2.1 IHS3534 

Figure 7.7 shows the recommended interface between 
the VDP and the TMS3534 data provider. 

7.3 Vdf - Henorv interfaces 

7.3.1 2 x THS4416 

The recomnended circuit for interfacing the VDP to two 
TK544I6 16K by 4 DRAK's is shown In Figure 7,8, The ALS573 latch 
Is required: in the address lines to extend the ThClXA tine of 
the TOP which would otherwise he Coo short for the aemorles. 

Note that the Interface would be identical in the case 
of TMSW06 8K by 4 memories , 

7.3.2 4 x THS4416 

The recommended circuit for interfacing the VDF to four 
TMS441o 16K by 4 DRAM'a ia shown in Figure 7.9. In thin cast the 
column address strobe CAS is decoded to select one pair of 
■emeries depending upon the state of the TOP's A] address line 
which is output on D7 Just prior to CAS going lav. 
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7. 5. ". G or El x TMS44J6 

The recommended circuit for Interfacing the VDP to els 

or eight TWS4416 16K by 4 DRAM 'a la Bhowtt in Figure MO. In 
this case the column address, strobe CA5 is dscodcd to select one 
pair of leourles depending Upon the state of the VDP'b AO end M 
address lines which are output on DO and D7 respectively Just 
prior to CAS going l°w. 



7.3-4 a * TM54164 

Hie recommended circuit for interfacing the TOP to 
eight TM54J64 64K by one DHAM's Is ahovti in Figure 7.11. No CAS 
decoding la required in this case, but an extra latch or buffer 
niuBt be used to separate the: D Inputs from the Q, outputs of the 
memories. This is because the VDF only performs ordinary write 
cycles, as opposed to early write cycles, and the q outputs will 
go active even during a write cycle, 

7.4 VDP - TV interface 

7,4. J Domestic TV standard RGB interface 

Figure 7.12 shows an example interface between the VDP 
and « standard ftGE domestic TV connector. 

7.4.2 Grey scale interface 

Figure 7.13 shows on example interface used to generate 
en eight level grey scale in addition to the normal eight 
colours. This interface employs two PROMs to either pass the RGB 
signals directly to the outputs . or to convert them via a simple 
resistive D to A converter to an 8 level analogue signal. The 
choice between colour or grey scale is cotitroled by the state of 
the t output signal from the VDP; this interface can therefore 
not be used in systems which require the I output signal for 
incrustation purposes. 

The programmed contents of the PROM's are given in 
Table 7.1. 

7.4.3 Colour palette 

Figure 7.14 shows the diagram of a circuit Which 
provides the possiblity of generating up to 16 colours on one 
display screen out of a total possible of 4036 using one VDF. 
The circuit is composed at two separate palettes- of eight 

colours each. The palette used for each section of the display 
Is Selected by the state of the 1 output signal- The interface 

to allow the CPU to modify the palette contents is also shewn In 
the flame diagratn- 
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FIGURE 7.14 : 16 COLOUR PALETTE CIRCUIT 
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?<S VJdoetex terminal examples 

The basic videotex terminal structure Is shown in 
Figure 7.15. One of the advantages of ■ system, based on the 
THS3S56 VDP Is Chat the sane basic structure la used for a whole 
range at iysteias. The only changing elements ate the memory 
else, and possibly the processor used. 

Discussion of the details of the telephone Line 

interface la outside the scope of this document. 



7. 5, J Minimum alpha-mosaic terminal 

The minimum alpha-noaaic terminal uses the basic 
structure shown in Figure 7. IS with a nininnjjn memory system, A 
suitable racciary arangement would be that shown in Figure 7.B 
using either two TMS4408'b or TM544J$'b giving 8K or 16X bytes 
of memory. 



7.5.2 Multipage alpha-mosaic terminal 

The uultipage alpha-mosaic terminal Is Identical to 
that described In paragraph 7.5.1 with the exception of 
increased memory size-. The actual amaount of memory used depends 
upon the amaount of memory occupied by the character generators 
etc. plus the number of eietra pages that It La wished to store ■ 
Note that in many esses it will cake less room to a tore non 
displayed pages in their coded form aa they are received as 
opposed to their decoded form. In addition, compression 
algorithms can be used to further reduce the apace required to 
atore non displayed pages. 



7.5.3 Alpha-gcoaietric terminal 

The alpha -geometric terminal again uses the same basic 
architecture: as the alpha-mosaic terminals. In this case 
however, the VDP operates in bit-mapped mode with the 
consequential Increase in minimum memory requirement - Typically 
30500 bytes of oemory will be required far each page stored, 
although as for Hultlpage mosaic terminals, compression 
algorithms nay be used to reduce the aire of nor displayed 
pages, or the latter may be stored In non-decoded form if thla 
takes up leas room. 
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7.6 Ttletaxt application 

The difference between a videotex terminal and a 
teletext on* Ilea in the source of the data to be displayed. For 
teletext, the date arrives via an off -air Video signal and OrtiSl 
first be extracted via a teletext data demodulator auch as the 
5N96533 and a prefix processor or demultiplexer such as the 
TMS35M, These two circuits taken together form what in termed 
in the rest of this uaers guide the 'data provider'. 
Additionally, the teletext terminal will implement a remote 
control receiver as apposed to a local keyboard. The interface 
with th* remote control will vary widely from terminal to 
terminal depending on th* manufacturers choice of system, and it 
Is immpossible to give typical examples of implementation- 

Th* circuit diagram of a typical teUtewt terminal is 
Shown in Figure 7.16. It should be noted that this is the 
Circuit diagram of an evaluation system designed to demonstrate 
the capabilities of a teletext system baaed on the 11553556, and 
as ouch io not necessarily th* optimum implementation in all 
applications. 



7,7 Dual VDP's 

The THS3556 VHP contains all of the features required 
to satisfy the needs of the vast majority of colour video 
terminal applications such an teletext and vidoetex us we now 
know them. However, it is possible to construct terminals using 
the IMS 3556 with features end performance going beyond those 
currently required by theae applications. This ia effected by 
the use of two or mors VDP's configured In parallel giving, 
amongst other things, a greater number of colours, higher 
resolution or both. This section describes th* hardware 
considerations required to implement dual VDP based terminals- 



7.7-1 Synchronisation considerations 

If two VDP's ar« to be used in parallel they must 
necessarily be synchronised together ss far aa their respective 
display timing is concerned. This implies that they share a 
common dot clock and common line and frame synchronisation 

signals. 

The first of these two points is easily satisfied by 
supplying bith VDF's wich a common external time base clock as 
shown in Figure 7.17. 
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FIGURE 7.15 : VIDEOTEX TERMINAL STRUCTURE 
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Altwna Lively, if the ddt clock is rtPt generated 
externally, the timebase oscillator output ftom one VDP can be 
used to supply an external clock 6i B nal to the second TOP u 
Hhovn in Figure 7.18. 
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FIGURE 7-1 9: Display synchronisation with master and sieve V&P' a 
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Using th* configuration shown, In Figure 7.19, although 
■lnpilfylng the display synchronisation does compUtete slightly 
the synch rooisat inn of the two time bases. This arises because 
the oUvt TOP, being id eitternal synchronisation Bode, tries ta 
resynchronise Its time base oscillator following each falling 
edee »f it? SLL input Indicating the start of a new .can ilM « 
described in paragraph 3.8,3. The slave TOP does this by pulling 
Us OBE input low, find therefore overloading the OBS output of 
the toaster TOP If the latter is trying to drive a high level. 
This could be avoided by Including a series limiting resistor In 
the lint from OBS to ObE but in fact this U not necessary as 
described below. 

Unfortunately, the oscillator ^synchronisation period 
described In paragraph 3.B.3 during which ODE and DBS are held 
low is of an indeterminate duration and varies considerably as n 
function of temperature and between difarent TOF's. The period 
itself will be of the order of several dot clack periods. Since 
the slave TOP is not recognising the dot clock input during this 
time, when It eventually removes the low, Uvel on OBE and OBS it 
will start it* ne*t scan line with an indeterminate delay «ttl« 
respect to the -eater TOP. This la because the letter, ^*»* *" 
internal synchronisation node, does not resynchronise its tine 
base oscillator and so start* a new mean line simultaneously 
with the falling edge of its SLL output. 

Additional to the unknown delay of Ehe slave TOP when 
in extern^ sySronlsatic. .ode is a fi.ed delay of two cloc 
oerloSs due to the Internal res yneh rotation logic This must 
also be taken into accost be the resynch Ration hardware as 
described below. 

There are several net hods of overcoming the problem of 
unknown slave delay. The method used depends upon the "£« £ 
the dot .lock itself. The methods described below use the 
technique of halting the slave TOP purely f« « known time 
^JLnLelv followinc the detection of the falling cd K e of SLL 
ou^tTrtm the Tjter TOP. The length of «1» i* chosen to be 
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•uperler In. all cages to chat during which the slave VDP muU 
have halted itself. The result of this action la that the 
resultant delay of the slave VPP with respect to the master VDP 
is then accurately known, and steps nay be taken to compensate 
for it. 






The first technique is useable when the master VDP is 

generating Us own dot clock and also the dot clock for the 
slave VDP. Figure 7.20 shewn the principle ol the technique 
used. Immediately upon detecting the falling edge of the masters 
Stt, output, two consecutive pulses are removed from the dot 
clock signal input tp the slave device, During thin tine the 
slave TOP tries to resynchronise its oscillator and then 
prepares itself for further pulses on its OBE input. These two 
lost' dot clock cycles i added to the two cycles lost due to the 
internal logic as described above, add up to a total delay of 
four dot clock cycles between the master and slave VDP's. This 
delay is compensated for by delaying the RGB and I outputs of 
the master VDP by four dot clock periods so that both VBp's are 
perfectly synchronised as far as the display device is 
concerned. 



FIGURE 7.20: Synchronisation of dual VBP'b with local clock 
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The second technique is useable when the dot clock 
Bupplied to both VDP 'S is genetated externally. The technique is 
similar to that described above with the difference that the doc 
clock signal supplied to the toaster la also codified following 
the fallln edge of SIX by the removal of four clock pulses. Two 
of these serve to conpemsate for the two lost by the slave VDP 
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during its ^synchronisation time, and the other two compensate 
for the Intrinsic two dot delay of the slsrve TOP- Thus the RGB 
outputs of both TOP'S >ra then synch routs est directly at their 
respective outputs without need for further timing modification. 
Figure 7.21 shows the principle involved and Figure 1,21 shows 8 
circuit diasrae of * suitable netware arangement to perform this 
function! 

FIGURE 7,21t Synchronisation of two TOP' 9 wltn external clocks 
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7,7-2 Colour palette 

The tw sets of RGB and 1 outputs resulting, from the 
strucure* described above can be used for a variety of purposes- 
One use ia to increase both the total number of colours 
available for image creation and the maximum number of colours 
possible on on displayed page at any one time. 

This is effected by using the TOP outputs not as direct 
signals for the display device, as with • slne.1* TOP, but as 
addresses for a colour look-up memory driving, in turn three 
digital to analogue converters ah shown in Figure 7. 1 i* 

The maximum number of colours on any one displayed 
screen is a function of the number of outputs from the TOP s. 
Here we have six independst colour outputs giving a choice of o4 
different colours for each pixel or character of the dlsplsy. 
If in addition, the I outputs are also used to address tne 
colour RAM, the total number of colours per screen increases to 
256 although the serial nature of the incrustation attribute 
restricts the way in which tUcac colours are mixed to a certain 
extant ■ 
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FIGURE 7.22 : PALETTE CIRCUIT FOR 2 VDP's 
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The total number of colours possible ia limply a 
function of the word length nf the colour meaory snd analogue to 
digital converters, ?ot wsaple If i bit- per primary -re stored 
in the -emory. sixteen distinct levels per pfl«-ry «.dt, 
giving a total choice of 4Q9& colours. 

7.7,3 Double resolution 

Another u=e of dual ™*** *■■ to inere.a* the resolution 
of the displayed l»te. or the number of character, per line, 
for thla, the TOP output* are cite ,ulti P l«™a I* i *""*«* 
manner eo that each TOP .applies alternate p**els or chaxactern 
of the dleplayed image. Figure 7*23 rtm . diagram o J ™J°' J 
used to generate . bit-Bapp*d display with a resolution of 6*0 
by 250 pixels, 

7.B Monochrome TOU type tersiinal 

If the display device used in the TOP baaed system is 
.onoehrcme only, then it would appear that CM cot of the three 
available output aignals are umnreable. This ia oot the case, 
since the outputs Bay be »*xed via a suitable Interface to ftl™ 
a three level signal: black, white and half Intensity, with 
Lice the normal deficit lot. \ Figure 7.Z3 Shows the principle 
Sv"vod lit th* construction of an 80 character by 25 row and 
640 by 250 pi«*l dual iflteif 11 ^ Bonochrom* terminal UBlng a 
■ingle VDP. It should be noted however, that with the simple 
interface shown the TOP is restricted to hit-W PP ed m°de 
operation only. 
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FIGURE 7.23 
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FIGURE 7.24 I SO CHARACTER MONOCHROME VDU 
TYPE TERMINAL 
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TABLE 7.2! PROM CONTENTS FOR GREY SCALE INTERFACE 
GREV SCALE 



ADDRESS | CONTENTS | | ADDRESS | CONTENTS 



a 
i 

2 
i 

4 

5 
6 
7 



■+- 



f >FE 

f >FF 

I s>FD 

>FF 

>F& 

\ >FF 

I >F7 

:>FF 



Jl 



a 

9 

4 
I 

C 
D 
B 
F 



>EF 
>FF 
>DF 
>FF 
>BF 
>FF 
>7F 
>FF 



COLORS 



ADDRESS ] CONTENTS 

+ — — — < 



a 
I 

i 
i 

7 



*FF 
>FF 
>FF 
>FF 
>FF 
>FF 
>FP 
>FF 



I ADDRESS 


CONTENTS | 


( 


>F7 


9 


>F& 


A 


3>Fi 


* 


>Fi 


c 


>F3 


u 


>Fl 


E 


>F1 


F ] 


>F0 | 
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SOFTWAKE EXAMPLES 



6.1 Central description 

A variety nf software modules have been developed by 
Tana* Instruments for the TMS7000 family of 6-fctt microcomputers 
to control the IMS 3556 TOP In a wide range of applications. These 
Include Teletext (both VBl and Full-Field), Videotex (Prastel and 
HJjiitel/Teletel) and bit-napped Graphics (HAPLF5). 

the software is written in nodular form bo that it cm 
be eaaily added to or reduced to suit individual application*. 
Paraneters which art constants at assembly tin are assigned 
names which are define* In an equalities file- Initial values of 
registers are defined in a separate table and use la made of the 
TRAP feature of the TMS7000 to call frequently used sub rout i nee. 
Also all RAM registers are given names relative to their usage to 
aid readability of the routines. These are defined In mother 
separate file- Finally, the routines which control the Interface 
to the VDP are in the Handler file. 



Thus the file* used to create an application are: 

1. RAM definitions 

2. Equalities definitions 

3. Specific application source 

4. Handler routine* 

5. Initialisation tables 
n. Trap definitions 



Examples of each of theae files follow. 
8.2 RAM definition file. 

This file reserves RAM locutions i° r C0 T°l^...""^ 



oaraaeters ao that their values can he passed between subroutines 
w !S t naving to know, define or calculate, their current v. - 
less they are aodiflad within the routine. This *akes it easier 
nrlte aouree code vhleh is trans part able between different 



without having 

un 

to 

applications 
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* ALLOCATION OF THE INTERNAL REGISTERS OP THE HLP * 

*********^***',***A**ir^^ t t*lk*iH t tm* t ,**i,**t**l,***** * 

AdilrefSea Oil- rega A * B 

Number of pointa-l In a Hoe 

<GraphicsJ 

Character position on ■ line {0-39) 

Colour of a pixel or charactar 

Or grey scale value 

Bit position of a Pinrel within an 

eight-points data byte In TOP HAM 

Text row number {0 to li) 

TOP RAM address pointer - 16 bits 

Indadr - MSByte, Indadr+1 - LSByte 

Vertical length of a line (Graphite) 
Byte containing 8 Independent flags 
4 flags used by keyboard decode 
J General purpose pointer MS By C a 
) General purpose pointer LSByte 
) General purpose pointer MSByte 
) General purpose pointer LSbyte 
Vertical position nf a point (0-249) 
Ram image of TOP registers CM1 - CM4 
Horizontal position of a pi*el 
(Q to 319) 

Point » MSByte, Point+I - LSByte 
Bit position of let Fixal of 4 line 
Primary colour number fl, 2 or 4) 
Window type interpretation number 
(0 or 1) 

Character code number CO to 127) 

Character code number (0 to 127) 

Temporary store for biE position 

Temporary atore for LENGTH & used in 

R0LLDN 

1G-Mt counter for iterations etc. 

Current page base address 

Tenpory store for 3 bytes (graphics} 

Background colour 

g-p. counter 

g-p- counter 

Parallel attributes for a character 

Current serial attributes In text 

■acta 

g.p* store 

****** *■.«****»** H*OMttMtH*mittiltH*IHtt«MMtM 

* End of RAM file definition * 

* Laet Register - 45 ( >002D ) * 

****** a ********** * ** ****************************** ****** 

Note: The HSS directive allocates the specified number 
of bytes within the ram area. 





AOHG 


>0002 


LENGTH 


ESS 


g 


a 






DDL 


BSS 




TElNTE 


BSS 




* 






BIT 


BSS 




a 






RAN 


BSS 




ttJDADR 

* 


BSS 




************* 


*•****«*****, 


HEIGHT 


BSS 




FLAG 


BSS 




KFtACl 


BSS. 




A0 


BSS. 




Al 


BSS 




Ai 


BSS 




A5 


BSS 




UGNE 


BSS 




CHTAS 


BSS 


4 


POINT 


BSS 


2 


* 






* 






STB IT 


BSS 


J 


PRIHA1 


BSS 


J 


FEN 


BSS 


1 


* 






CCoDe 


BSS 


1 


KCODE 


BSS 


t 


BBIT 


BSS 


J 


LLONG 


BSS 


2 


a 






COUNT 


BSS 


a 


RHAPA 


BSS 


2 


PBTTE 


BSS 


n 


FOND 


BSS 




COUHTA 


BSS 




COUNTB 


BSS 




ATTHIB 


BSS 




ATTSEH 


BSS 




TEMF 


BSS 


2 


* 
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6.3 Equalities definition rile 

This file allocates names to constants used within the 
software nodules. It makes tlie software easier to read and 
understand and enables all occurrences of a particular constant 
to he modified by changing only one line of cade hence ensuring 
all occurrences <""e? undlsputedly changed at the nest assembly. 



* 

mm 

BLEU 

ROUGE 

VIQIET 

VERT 
CYAN 

Jtum 

BLANC 

* 
* 

RAM64K 

RAH1GK 
flAHROH 

* 

* 
IOCTRL 



Colour Equivalences 



EQU 
EQU 
EQU 
Eqtf 
EQU 
EQU 
EQU 
EQU 



D 

4 
1 
J 

2 

& 

s 

7 



Black 

Blue 
Red 

Hagenta 
Green 

Yellow 

White 



Hemmory Size /Configuration 



EQU 
EqU 

EQU 

I/O Port 
EQU 





1 



* 64 K RAH 

* 16K HAM 

+ Mined RAM/ROM 



£ * Nuafcer of Keyboard columns 

definitions for TMS TOO 

* I/O Part to control Memory 



ex pans lan mode 

SINGLE EQU 
FJLLE.X EQU 



PORTA 
PORTB 
POHTC 

CD IK 

* 
PORTD 

DDJR 



EQU 
EQU 

Ego 

EQU 



EqU 
Equ 




>S0 

4 

e 

s 

9 



>A 



* TOP Access 
ft 



El 
E2 

H/-W 
DATA 



PORT 
FORI 



* 5in£l*-Chlp mode 

* Full Expansion mode 

* Input Lines 

* Output Lines 

* Adrress/Dsta AD 7 /ADO 

* PortC Birectlon control for **eh 

* bit 

* i-out, 0»in. 

* fortD Data 

* FortD Direction control lot eaveri 

* bit 

BIT 
BIT 1 



FORT B BIT Z 
FOHT C 
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* 
* 


Programmable 


TIMER 


EQU 


2 


TtMCTL 


EQU 


3 


DEBLOW 


EQU 


255 


BEBNI 

* 


EQU 


10 


* 


E^uivs 


lenc*.s i 


ENTRLA 


EQU 


>70 


STD&Hl 


EQU 


>60 


BT3 


EQU 


5-Sfl 


0T4 


EQU 


>40 


STlTRE 


EQU 


>30 


SYNTH E 


EQU 


>7] 


ROWQQ 


EQU 


>61 


MAS QUA 


Equ 


>5i 


INGRES 


EQU 


>41 


ALPHA 4 


EQU 


>3I 


GRILLE 


EQU 


>2l 


LIGNAG 


Equ 


ill 


SHRIMP 


EQU 


>Q1 


GRAPH I 


EQU 


>72 


TEXTE 


EQU 


>62 


VDPACE 


EQU 


>52 


PRICPU 


EQU 


>42 


CHlUffiH 


EQU 


>32 


CT6 


EQU 


>22 


CT7 


Equ 


>12 


FAS AUK 

* 


Equ 


>02 


* 


VHP Register n 


ADBAMT 


EQU 


B 


ADBAHP 


EQU 


9 


ADBAFA 


EQU 


>A 


A3BAG0 


EflU 


>B 


A3 6 AG] 


EQU 


>C 


ADBAG2 


EQU 


>t) 


ADBAG3 


EQU 


>E 


ADBATF 


EQU 


>1- 



* Tirasr DflEe Register 

* Timer Control Register 

* Areg. value for delay in 

* Brwg. value for delay In 



ENCODE, 
ENCODE 



See 'INITAB* for details 



***************** A** A****************** ***ftft«**ftftft ****** 

* End qf equalities file * 
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6,4. TOP Handlers file 

This fil* contains the eoftware routines which control, 
the eo-nunlutian between the CPU and the VBP. Its contents will 
depend upon the actual interface ehoaen between the two devices - 
single chip, seni memory mapped or full memory napped. 

E*ample software far each type of interface ia given in 
the paragraphs that follow* 

M»] Single chip interface 

The most coat effective interface to the TMS3556 is the 
"Single Chip" mode of the TMS7000 as described in paragraph 
7 11 This type of interface is also valid for other 
microprocessors which have * "single chip" mode. The eoftware 
will not be: directly transferable to another microprocessor due 
to different internal arehetectures . in particular the Internal 
RAH structures and operating techniques; nevertheless the same 
Mcuence of events and control signal manipulation can bf used. 

As described in section 3, the CFU may make one of four 
typoa of access to the TOP. These are listed in Table 8.1 
together with the names of the routines shown in this paragraph 
to effect each access operation. 

TABLE 8.1: Routines accessing the VDP lr. single chip mode 



j Access type I N*™* | Parameters pas sed 

|~Write to VDP register I ATOP | Data in A teg in B 

I Read VDP status register I STAT | Value returned in A 

I Write to external VDP RAM | ERAM 1 Value written in A 

I lead froa external TOP RAH | LRAH t Value read in A 



The aouree coda for each of the routines listed In Tsble 
6>1 appears below. 
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* ATOP * 

* Access to VDF registers when in 'single chip* * 

* Enter vith register address in A and data in B * 

* Called by TRAP IS * 

****************************************************** *********** 



AVDP 

a 


HDVP 


3>FF,CDIR 






ANDP 


-■■!!!! I"'.'! 


, PORTS 




MOW 


A,PORTC 






ANDF 


I71H11011 


f PORTB 




ORP 


J!?DD0O0l&0 


PORTS 




OftP 


tfOOOOOOll 


Ports 


ATOPA 


AKDP 


lTllllltOl 


PORTS 




MOVP 


B,FORTC 






AWDP 


mnnoii 


PORTS 




ORF 


I70O0OQ10D 


PORTB 




ORF 


jhqoqoqqii 


PORTB 




RETS 







PORT C to output node 
(if necessary) 
El low far reg access 
Register address to Pt C 
Strobe RUM low 
Return RUM high 
Return £1 And E2 high 
El low for reg access 
Data to Port C 
Strobe RWM lov 

* Return RWM high 

■ Return El and E2 high 

* Return to main program 



*MtHiilt*itUiMM*IIM**lrt*ttt«t*M***tM*1l*ltlt*it*****tit 

* LRAM * 

* Read one byte of data from TOP ran * 
Data read from RAM is returned In A * 

* Called by TRAP 23 (tingle-chip mod*) * 

A********* ********* ft*** A ******* ***«**»,*.****. a*****.*.****** 



LRAH 

* 



MOVP I>0O,CDTR 



Ahtrp 

MOW 
ORP 

RETS 



Z?ilI1110G,FOR7B 
PORTC.A 

Z?Q 00000 11, PORTS 



PORT C to input node 
(If necessary) 
El & E2 low for RAH read 
Heed data fro™ PORT C 
Return El & 12 high 
Return to calling prog 



********************* ************ *****-****** *.*****«***** 

* ERAM * 

* Vrite one byte of data to VDP RAH * 

* Data to be written is passed in A * 

* Called by TRAP 17 * 

ft******************************************************* 



ERAM 

* 


MOVP 


I>FF,CBIR 




ANDP 


x rimi 110, PORTS 


ERAMA 


MOVP 


A.PORTC 




AHDP 


171 11 11011. PORTS 




ORF 


X700000 100, PORTS 




ORP 


tfOOOQOOU.PORTB 




RETS 





* PORT C to output node 

* (If necessary) 

* E2 low for RAM write 

* Data written to PORT C 

* Strobe RWK low 

* Return RUM high 

* Return E2 high 

* Return to calling prgn. 
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******* ************ A***************************** ******* 

* STAT 

* Read Che VD? status register 

* Value read Is returned In A * 
******************************************************** 

STAT KOV *>03,B * Addr. of atatUB reg, to B 

X>FF,CME * PO&T C to output node 

(SaVDPA * Set Pointer to Reg. 3 



MOVP 

CALL 

MOVP 

ANDP 

MOVF 

ORP 

HETS 



j>oo,CDrn 

tTUIlllOl.PORTb 

PORTC.A 

I'OOOOOOll.PORTB 



* PORT C to input mode 

* El low for reg access 

* Read data from PORT C 

* Return El and E2 high 



8.4.2 Semi memory napped interface 

The routines described in this paragraph ate designed to 
operate with the seal memory mapped interface as described in 

paragraph 7.1.2. 

For these routines, the TMS7000 must be in full 
expansion node. The address 'TOPADR' is given a su it able value 
put side of the on chip program memory address range and is 
decoded from the external address bus If the system contains 
supplementary external aemory. 



***************************************************************** 

* AVDP * 

* Access to VHP registers 

* Cuter vl th register address in A and deta in B 

* Called by TRAP lfi 
rt****.*****************************************************"***** 



AVDP 

* 



AVDPA 



HOVP 3FUUEJM0CTRL 

AMJP 171111 1101, FORTB 

STA 9VDPADR 

ORP J7OO0QOO 11, PORTA 

XCHB A 

andp rrininoi.POKTB 

STA *VDPADR 

OBP noOQOQQll.FORTU 

RETS 



* To full ejcpaasiort, mode 

* (if necessary! 

* E) lew foT reg access 

* Write register address 

* Return El high 

* Swap data into A 

* El lew for reg access 

* Write data to register 

* Return £1 high 

* Return to main program 
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* LRAH * 

* Read on* byte of data, from VUp ran * 

* Dats read from RAM Is returned In A * 

* Called by TRAP 23 • 



LRAM HOVF KFUUEJ^IOCTRL 

akdp mniiioo.PaRra 

UM STOFADR 

OUP t* 000 000 1 1 , POflTB 

RETS 



* To full expansion node 

* (If necessary) 

* El & E2 low for RAH read 

* Read data into A 

* Return El & E2 high 

* Return to calling prog 



* *+****************************************************, 

* ERAM * 

* Write one byte of data to TOP RAM * 

* Data to be written la passed In A * 

* Called by TRAP 17 * 
*********** A* A* **************** **************** ********* 



ERAM HOVP JFULLEX, I0CTRL 



EKAKA 



ANEP 

ETA 

ORP 

RETS 



I? 111111 I0.PORT* 

gVBPADR 

XTOOOOODll.POfttB 



* To full expansion mode 

* (If necessary] 

* E2 low for RAM write 

* Write data Co VHP 

* Return E2 high 

* Return to calling prgm. 



******************************************************** 

* STAT * 

* Re-ad the VDP status register * 

* Value read la returned In A * 
******************************************************** 

STAT HflV I>03,A # Addr. of status reg to A 

CALL GAVTJPA * Set Pointer to Reg, 3 

AITOP imilllOI.PORTB * El low for reg access 

LDA gVDPADR * Read data from VDP 

ORP Z?OOOQD011 .PORTE * Return. El high 
RETS 

8-4.3 Pull memory mapped interface 

The routines described in this paragraph are designed to 
operate with the full memory mapped Interface ae described in 
paragraph 7.1.3. Obviously i the routines are so short as to 
render it unecessary en define them ae routines at all. The 
relavent instructions would typlcaly be included In the main 
program where necessary. They are shown in this paragraph in 
subroutine form sioply to demonstrate the functional similarity 
to their equivalent counterparts used vlth the other two 
interfaces. 



TEXAS INSTRUMENTS 



E - B 
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The v* clous addresses: 'VBPREG', 'VDPWR*, 'TOPRuT end 
*VDPHfi2* tie defined to be different Eram each ether and from any 
other address used in the system. Their values are chosen auch 
Chit their presence on the Address bus during the access can be 
detected by the external interface hardware, and cause the latter 
to set the correct states on the El and E2 control lines 
depending on the type of access. 

For these routines, the TKS7000 must be in full 
expansion node. The addrtss "VDPADR' is given a suitable value 
outside of the on chip program memory address range and is 
decoded from the external address bus if the system contains 
supplementary external memory. 



* AVDP 

* Access to VDP reRlstera 

* Enter with regis Eer address In A and data in B 

* Called by TRAP 16 * 
**M*** ********************** ***•■**********************'*** ******* 

AVDP MOVP IFULLEX,1QCTRL * To full exp a n a ion mode 

* * {If necessary) 
STA 0VTJPHEC * Writs' register address 
XCHB A * Sw *P dita lnto A 

AVDPA STA SVDFREG * Write data to register 

RETS * Return to main program 

a*******.*********************************************** 

* LftAH 

* Read one byte of data from TOP ram 

* Data reed from RAM is returned In A 

* Colled by TRAP 83 * 

HUM MOVP IFULLEX.IOCTRL * To full expansion node 

* * (if neceasary) 
LDA §VDPRD1 * l Qt r * ad tQ At * Tl aCce * a 
U>A SVISFRD2 * 2 nd refld t0 Ret datfl 
R£TS * Return to calling prog 
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****************** t**#*******,. , ***A ***,,, Jrt *,,,*,, *„»,,,(,,,, 

* IRAK * 

* Write one byte of da La to VDF RAM * 

* Data to be written la passed in A * 

* Called by TRAP 17 * 

ERAM MOVP XFtfLLEK.lOCTKL * To full expansion node 

* * (if necessary) 
EEAMA STA STOPHR * Write data to TOP 

RETS * Return to calling prgn- 

********** a***********************. ************** ****.**** 

* STAT * 

Read che TOP status register * 

* Value read is returned in A * 
************************************ ******************** 

STAT MOV S>03,A * A ddr. o£ Beams reg to A 

STA @TOPREG * Set Pointer to Re$, 3 

LDA @VDPREG * Read data from VHP 
RETS 



6". 5 General TO? control handlern 

The routines listed in this section are used to perform 
various TOP related: functions. They nay not all be needed in a 
particular TOP application but are listed here as typical 

aOnlltflt ion Rilhi-mi r-f np *v*nnUd. 



application subroutine examples. 



All the routines listed below interface to the TOP via 
one or several of the CPU to TOP communications routines 
described; in paragraph 8.4. 

******** ************ ************** ************ **** ****** 

* PRQVOK * 

* Program TOP Internal Registers with * 

* desired feature * 

* PRGVX * 

* Program TOP Internal Registers with * 

* desired features - Called by TRAP 14 * 

* PROVOF * 

* Switch off feature in TOP internal registers * 

******************** l********«t**A***ft ******************* 

PROTON JMV A. TEMP 

U>A eVuFREG(B) 

OR TFJff f A 

FROVX STA eTOFftEG(B) 

TKAP 1 8 *AVBP 

SETS 
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PRQVOF INV A 

HOV A, TEMP 

U3A 0VDFREG(B) 

AHD TEHF f A 

JKP PRQVJt 

ft******************************************************* 

* COLRAN 

* Store the address In INDADRjlHDADR+l In 

* VHP registers COL 4 RAH 

* Called by TRAP 22 

******************************************************** 
COLRAX MOV t2,B 

*£N INDADR.A *IMHDR tP VDP reg.2 

TRAP IS *AVDP 

MOV XI, B 

MOV INDADR+1,A 

TRAP 18 *ATOP 

RETS 



******************************************************** 

* BASABH 

* Program Base Addresses Into TOP internal 

* registers I to F. * 

*********** A******************************************** 

*£ave VDP Reg- number 
*CLRN *Stere INDADR+I In TOP reg-1 
*Store INTJADR in VDP reg.-2 



*ATOP *Double access to VHP to neve 
*reR.& U2 to register number 

*contained in A?eg. 



HAS ADR PUSH 
TRAP 

* 


B 
12 


POP 

hov 

IKAi' 
* 


B 


RETS 





******************************************************** 

* ACMP 

* Set ACMP pointer vio VDP reg 9 - BAMP 

* Called by TRAP 20 * 

* Does not sviteh mode (slngle-chip to full e*0* 
******************************************************** 
ACHP MOT »,B *VDP Pegieter 9 

M3V l.K *VBP register 9 

TRAF IS 
RETS 

******************************************************** 

* TPSCRS (TRAP 15 J 

* Position read or write pointer in TOPrac 

A*****.*****************************************"****** 
TPSCRS TRAP 11 *TPGADR 

TRAP 22 *COLRAK 
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tMIT f, 

Initialisation of the VDP Mode* * 

Initialisation of the VDp Internal Regiatcrs * 



IHIT MOV 
NXVDP LDA 
PUSH 

ADD 
CALL 

pop 

DEC 
JC 



* 



HJBAS 



33.1 

IIHTCHJ(H) 
B 
M. A 

| 
I 



Mat VDP register to be programmed 
■INTCHl-Start of cable of values 



•Sub, to program VDF registers 



Prafcraai VDP Base Addresses 



HOV t!5,fl 

MOV B.OOUHTA 

LDA 8MSDATCR} 

»V A , rNDADR+1 

DEC B 

LDA ^BASDATfB) 

KtV A f IHBAJ)R 

PUSH B 

MJV COUSTA.B 

CALL #BASABR 

DEC CQWTA 

POP B 

DEC B 

JC NXBAS 

MOV tBAFALO.RBAFA+l 

M3V SflAPAHI.RBAPA 

RETS 



* B registers to program 

* COUNTA - register to program 
*£et LSByte of Addresa 
*Stor* LSByte in INDADR+1 

•Get MSByte of Address 

•Store MSByte in INBAPR 

n 

* 



•Jump if carry, i.e. more Addressee 



•Store Page Base Address In HLP RAM 



* GflSCAR * 

Program Character Generators Into VDPrao * 

Base address in VDPraiti should be In TEKP,TEMP+1 * 

Starting address in ROM of generator should be » 

in A4.A5. * 

HEX value of 1st character should be in CCODE * 



CEJTCAH HOVD 
TRAP 
MOVD 

Git 

KXCLRO TRAP 
DECD 
JC 



TEMP+I.tNDADR+1 

22 

3t<ne*10)-l,Al 

A 

17 
Al 

NXCLRO 



*Sase address in TOPram f-BACCx+2} 

*COLRAN 

*A0,AI - number of bytes In 

■generator 

•A - data to be written 

•decrement loop count 

•Clear all lines of GWEO in VDP 

• ram 
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ADD 


I128,T£MF+i 


ADC 


I0.TEMP 


MOVD 


TEKP+l.INDADR+l 


ADD 


CCOBE^INHADR+1 


ADC 


lQ f ItTOAJlft 


MOV 


XI 28, COUNT 


SUB 


CCODE,COCKT 


HOV 


3! 7, COUNT A 


GEKELF ADD 


IUR,INDABR+1 


ADC 


lO.lNDADR 


HTUTi 


**,*! 



ADD COUNT, A5 

ADC XO,A4 

CALL gKOHVOF 

DJNZ COUHTA.GENELE- 

MOV X2.COUNTA 

MQVP XFULLEX.IOCTRL 

LDA *A5 

M3VP XSISGLE.TOCTEL 

call wain 



•start at line & 

* 

*TEHP+1 * BASE address in vpp ran 

*ntari at character CCODE 

* 

*Ka* number of characters • I2fl 

•CCODE - 1st character in generator 

*COUNTA-n umber of lines per 

* character 

•Point to AMt line 

* 

•AO.Al - ROM addre&s of start of 

•line 

•A4,A5 - R.OM address of end of line 

* 

•Re copy GF,N0 Into VDFrao 

•Loop until COUNT* - 

•COUNTA - number of bytes to write 
•Read byte froH RDM 



MOV Zl.COUNTA 

ADD X4 , TEMP 

CALL frUTLITi 
RETS 

* 

NHLIN MOW A, COUNT 

MCLIKi MOV CQUKTA.COUNTB 

t&W TEMP+1 , IWDADR+i 



CALL 
ADO 
ADC 
NKL1N2 TRAP 
CALL 
TRAP 
SUB 
SBB 
DJNZ 
DJNZ 
CALL 
DJNZ 
RETS 

LNREAD INC 
ADC 
MOW 
LDA 

JOVP 
RETS 



PLNREAD 

A,iNPADR+I 

TO, I WD ADR 

12 

@LJiR£AB 

17 

n2B,INDADR+l 

XQ.INDADH 

COUNTS, NXLIN 2 

COUNT. NXL IK 1 

PLNREAD 

COUNTA.NKLIN 



A 5 

S0.A4 

SFULLEX.IOCTRL 

*AS 

ISIHCLE, IOCTRL 



•CQUNTA - no, of bytes per 

•character 

•TEMP - 5th line of gene 



•COUNT ■ number of characters 

* 

*TENF,TEMF4l-BA5E address of char 

•gen 

•Read next byte from ROM 

■Set pointer register for line 7 of 

•this character 

•COLRAM - set pointer in VDP ram 

*Raad next byte from ROM 

*A - data to writ* to VDP Hm 

•Set pointer register to nest Una 



•Loop until COUNTS ■ 
*Loop until COUNT - 
•Read next byte from ROM 
•Loop until COUNTA - 



■Increment ROM address 
•Read byta from ROM 
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* GENE2 a 

+ Generate CENE2 - Block Graphics * 

CHJE2 HOVU iBACC2+2,INrjAI>R+] 





TRAP 


22 *COLRAH 




HOV 


j«t,a 




WOVD 


IIZ80.AJ 


CENCLl! 


TRAP 


17 




DECD 


AI 




JC 


G2NCLR *Wrlte >FF to ol 




MOV 


*>A,LIGNE 




HOV 


I>20,COUHTB 


NXLrSE 


CLR 


s 


SXCQU 


ADD 


COiJNTBplHDADR+l 




ADC 


XO.XNDADIt 




PUSH 


B 




TRAP 


2 ! *COLHAN' 




POP 


B 


KXCHAR 


CLR 


A 




CMP 


3r>B,LHaw 




4NC 


lMTB 




BTJZ 


^?O0iO00OO,B f S[JLlO *Unes iO to B 




ADD 


I>0F.A 


SUMO 


BTJZ 


ITQ001OQO0 , B, INCCAR 




JHP 


INCCRX 


ISPS 


CM? 


X>4,LIGNE 




JNC 


IRF« 




BTJ2 


I?00OOlO00,B,St)LB *Llnes 7 to 4 




ADD 


X>QF,A 


sin.H 


BTJZ 


1700000 1 00 , B t INCCAR 




JHP 


INCCRX 


ISFi 


BTJZ 


IfOOOOOOlO, B r SlTU *Llnes 5 to I 




ADD 


X>0F,A 


SUL4 


&TJ2 


ITOOOOODOlfB.lNCCAR 


INCCRX 


ADD 


X>T0,A 


INCCAR 


TRAP 


I? * ERAM 




IMC 


■ *Ke«t character 




OtP 


1>20,B 




JEQ 


tNCADD 




CMP 


X>40 t I 




JNE 


J.XCHAR 




HCV 


i>40,cotrNTB 




DJMZ 


LICNE.NXLINE ^Preceding line 



TEXAS INSTRUMENTS 
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HOVB 


ZBAGC2+2, IHDADR+! 




HDV 


I>7F, COUNTS 




WV 


liO.COUPTTA 




CHAR 5 K ADD 


COONTB.INUAItR+l 




ADC 


I0,INBADR 




TRAP 


22 


•COLRAN 


an 


A 




TRAP 


17 


*EftAH 


wv 


(>S0 . COUNTB 




DJHZ 


COt)MTA,CHAR5F 


•Write 


RETS 






INCADP MOV 


J>40,CQtfNTR 




JHP 


NXCOLL 





>0O to ill rows of chor« 7F 



A******************************************************* 

•COLOUR ■ 

* Prolan character colour In A1TKXB * 

#******************************************************* 

COLOUR HOV TElNTEfA 

SWAP A 

RL A 

ANU I>1F,ATTR.1B 

OR A.ATTRIB *Fi,F3,F2 - B.G.R 

RETS 



a******************************************************* 

• HRGCLR * 

* Program border colour * 
it******************************************************* 

*TEINTE - telour 

* 

♦A - A*32 

•save A 

*» - 7 - VDPrefc CH4 

*PfiOVOK 

♦reatore A 

•invert A 

*set unwanted bits to 

*fl - 7 * TOPreg CB4 

*PROVOF 



******************************************************** 

* TPGADH {TRAP 11) 

* Calculate pddrES* In VDP ran 

**************************** A***"**********'*********** 

TPGAOK CLR INDADR 

RAN 



MHGCLIt HOV 


TEINTE.A 


SWAP 


A 


RL 


A 


PUSH 


A 


HOT 


XOtf.S 


TRAP 


6 


POP 


A 


INV 


A 


WD 


I>EO,A 


NOV 


XCMM 


TRAP 


S 


S"S 





MOV 


RAK,tNDADR+l 


*Acdress 


PUSH 


A 




PUSH 


I 




MPY 


X30.IHDADR+) 


* - 80*R 


mvu 


B.IWDADR+1 
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ADD 


RBAPA+I.INDADR+l 


ADC 


HBAPA.IUDADR * 


MDV 


COL, A 


RL 


A 


ADD 


A r INDA0R+l 


ADC 


tXJQ.INDADR * 


POP 


B 


POP 


A 


RETS 





BAPA + B0*RAN 



BAPA + 80*RAH + 5*COI, 



*M*****M*»l** IW ********************#****,*******#***## 

* tPIYE (TRAP 10) * 

Position ACMPxy in write Bode at current * 

* cursor position * 
************** *******»*****************»*******„»„**** 



TPX1TE DEC INDADR+l 

SBB ID.INDADR 

IMP 22 

TRAP 23 

PUSH A 

TRAP 22 

POP A 

tRAF 17 

XHC INDAM+L 

ADC JO, I at) ADR 
RETS 



*Batkspace pointer address 
•Reposition ACMPsy 
•Read 1 byte 

•Read I byt* 

*A*data to be written 

*Hrite 1 byte 

*Farwardapac* pointer address 



a**************************,,**** *.,*,. t „^^ M ^ AAM 

* TWRPAG (TRAP 12) * 

Write a character at the current exiting * 

* position * 

**0***********M*******<M*************JHt**fr* *********** 

TURPAG MOV ATTRIB.A *chsracter attribute 

TRAP 1 7 *ERAM 

WJV CCOPE.A ^character coda 

THAP 1 7 *ERAM 

RETS 

*»»****** *************************** ** ** **************** 

* TIP PAG (TRAP 13) * 

ReaJ a character code and its attribute at * 

* the current read pointer * 

****** ************************* AH** *************** ****** 

TRDPAG TRAP 23 *LRAH 

HOV A.ATTRIB 

TRAP 23 *lram 

HDV A,CC0DE 

RETS 



TEXAS INSTRUMENTS 
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*******************+■**** + ****:******■**#*«**■***********»* 

* UPDATE 

* Position th*r cursor at the next character 

*«* + .*A******tt *****»*» ************************************ 



UPDATE IHC 
CMP 
JEjQ 

BJ-TS 

CLR 

INC 

CMP 

TOE 

MOV 

TRAF 

RETS 



OVFH 



BOOVF 



COL 

X.UG, OOL 
OVFH 

COL 
RAN 

S25,RAN 
NOOVF 

Xl.RAK 
15 



* Update COL. RAN! 



*COL-40 — >COL-0 and RAN+! 



*HAN-25— >RAK-1 

*TF5CR£ atnpxy-bapa 



* TCLERQ 

* Fill from the current writing position to the * 

* end at the row with the eane character 
************»****************•**•*********'************** 
TCLERG CALL gTVRPAG 

CALL ^UFBATE 
CMP ID, COL 
JHE TCLERO 
RETS 

******************************************************** 

* TCLEPG * 

* Fill from the current writing position to the 

* screen with the same character 
a******************************************************* 

TCLEPG CKF *24,RA« 

JEQ LASTLN 

CALL gTCLERO 

JMP TCLEPG 
LASTLM CALL ITCLERO 

RETS 

******************************************************** 

* XCLPAG . _.__ * 

* Fill the whole screen with the a arte character > 

************************************************* 
TCLPAC CLR RAK 

CLR COL 

TRAP 15 *TP5CRS 

CALL fTCLEPC 

RETS 
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* TCLEAR t, 

* Clear ne^en - fill with delimiter! # 

TCLEAR MOV FOm^ATTRIB 

SWAP ATIHTB 

HL ATTRIB 

MV J>20 i CCODE 

CLR RAK 

CLIl COL 

&OTO KBAFA+l.lNDADR+l 

TftAP 22 

MOTO I20SO.M 

CLR A 

TCL i TRAP 1 7 

DEGP Al 

JC TCI.] 

SETS 



* RCHVDP * 

* Copy a. block pf naaary Eton ROM In HLP * 

* to TOP HAM * 

*CLftAN-Set pointer ACHP 

«Chftn & e to FULL- EXPANSION 

*A1 contains start address of datE 

*Change to SINGLE-C3(IP 

•Write Data byte to TOP RAM 



*A4 contains END address MSB 



ROHVDP TRAP 


22 


NKMQV MOVP 


JFULLEX.IOCTRL 


LDA 


*A1 


MOVP 


ISLNGLE.IOCTRL 


TRAP 


17 


INC 


Al 


■TNC 


LOW 


IHC 


ao 


LOW CMP 


A0.A4 


JHE 


NXH0V 


CMP 


A1,A5 


JNE 


MXMOV 


RETS 





*A5 contains END address LSB 



* VDPVDP (ROLL-UP} * 

* Hove a block Of data within the TOP ram * 

* Address of start of original in AD & Al * 

* Address of start of copy in IHDADR t INDADR+J * 

* Address of end of original In A4 4 A5 * 

* AQ.AI must be > INPADR^INDADR+l * 

* Thli routine could also be used to Roll-down * 

* if INDAHR.INDADR+I > A4 t A5 * 
A******************************************************* 



PUSH 


IWDAJ&R+l 




PUSH 


IKUArif 




sua 


A1.A5 




SBB 


A0.A4 


*A4,A5 


MOTO 


Al.IHDAilR+l 




TRAP 


22 


*COLRAN 



*A4,A5 contain no. of bytea-1 
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LI 



TRAF 


23 


POP 


tfTOADR 


POP 


1MDADR+1 


PUSH 


A 


BBCD 


INDABR+1 


TRAP 


22 


TRAP 


20 


POP 


A 


JHP 


Kfiinvi 


uxmqvu TRAP 


23 


NXHOVl TRAP 


17 


DECB 


AS 


JC 


KXHOVD 


INC 


ISBADR+I 


ADC 


SO.ItfDADR 


RETS 





•ACMPxy-READ CURSOR 

♦Restore 'write' atari address 

•Put 1st byte back ait stack 
ftfBAMl 1 incremented when loaded) 
*Load COL & RAM with wrltfe pointer 
*Set ACMP to 'write' 

*jump to write 1st byte 
*LRAK - readn byte onto stack 
*ERAH - writes value a 1 ready on 
*statk 



♦Restore original value of IMDADR+1 
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****** ****** *,*» M *H*»(tM*****t«HHH***»t**HIII*t*** 

* ROLLDJJ * 

Wove A block of data within tht TOP ran * 

* Ad4rea« of start of original in Afl & Al * 
Address of AtarE of copy In INDABR £ INDADR+] * 
Address of end of original In ki, 4 AS * 

* A0,A1 must be < ITOADFt, INBADR+l * 

HOLLDN PUSH INDADSt+1 



POSH 


indapr 


PUSH 


Al 


PUSH 


AO 


PUSH 


A3 


PUSH 


kk 


SUB 


A1.A5 


SBH 


A0,A4 


mvu 


A5.LL0NG+I 


mw 


A5.A1 


POP 


A4 


POP 


AS 


ADD 


INDAflR+1 .LLOHG+1 


ADC 


INDA0R.LLONC 


HOVBTT HOVD 


A5,tHDADR+I 


TRAP 


21 


TRAP 


23 


PUSH 


A 


HOVD 


LLOWC+1.INDADR+J 


TRAP 


32 


POP 


A 


TRAP 


17 


DECJJ 


A5 


DECD 


LLONG+1 


DEC0 


Al 


JC 


MOVBYT 


POP 


AO 


POP 


Al 


POP 


INDABR 


POP 


INEIAUH+I 


Rets 





'Calculate no. of bytes -1 
*t<5 be moved 
*LU»NG+I *- byte count- 1 
*A1,A0 - byte COUJlt-1 
*Reatore 'reed' Start address 
*R*Stnre 'reed' start ftddxftga 
*LLONC be cones 'writs* a tart 

*arfrftESB 



*COLRAN-poBltlon 'read* 
*tead one byte 



pointer 



*COLRAN-posltin 'write' painter 
*«rit* one byte 

♦decrement byte count 
*Rester* original values 



TEXAS INSTRUMENTS 



S - 30 



Document Scanner par humeur@orange.fr i search a TI99/4a and Exelvision Computer 

contact me 



* 
» 

* 



******************************************************** 

* VDFRAH 

* Copy « Block of d*ta Iron VOTRAM to HLPRAH 

* This routine is effectively replaced by 

* Custom Mtero-InatniGt ion LRAM 

* This routine is useful to move data to 

* registers other than the stack 
************************** ****************************** 

* Addreas of Let byte in VWPtWI should be 

* Stored in INDADR+L- 

* Address of 1st register in HLPRAM to receive * 

* the data should be stored in & reg, 

* Address of last register should be in AS 
******************************************************** 
VDPRAM TRAP 22. *C0LRAN-5st ACMFxy Rend Pointer 

S U B b p a5 "calculate no. of bytes to read 

"no- - atari address also 
*Head into At eft. 
*Store data la RAM reg. 

*Test if last data read 

*Hore data to read, Jump to NXM0V3 



INC 


A3 


HXM0V3 TRAP 


23 


STA 


eocB> 


INC 


B 


BJUl 


AS,H3tHOV3 


* 




dETS 





******************************************************** 

* RAMVtP * 

* Copy a Block of Memory From MLP RAM to VDPRAM * 

* This routine la effectively replaced by the: * 

* Cub ton Wtcro-In struct ion ERAH * 

* This routine is useful to transfer data froa * 

* registers other than the stack 
******************************************************** 

* Star* (address ef 1st register to copy in Brefl * 

* Store address of Lest register in AS 
******************************************************** 
RAMYDP TRAP 22 *CQUAN-Set Write pointer ACHFkv 

SUB B.A5 *Cslculate no. of bytes to move 

IPC A5 *inelus£ve of Units 

KIM0V4 LDA -0(B] *0*reg*, B holds 1st register to 

*copy 

TRAP 17 *ERAM 

INC B 

DJH2 A5 t NXMOV4 *test for last byte read 

RETS 
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• ******«#+»**M**********fr***#*M MM ft*.„ M(tMMM(t »,,,,» 



RAMINF 



* 
* 
* 
* 
* 
* 



Copy a block bt data within the ML* JtAH 
Start Address for data to be copied is 
contained In register Al- 

Start Address for copied data is In 1NDAJ)R+1 
End Address for data to be copied Is In AS 
This routine is uaed when Start Address of 
original is greater char Start Address of 
Copied data 



* 
* 

* 



tUI<tlitMMil MMMMHitHtHMI4| . HMjlHt|1HtH1M|| 



RAMINF CLR 
CLR 

10EH.0V5 U?A 
STA 

L»< 

INC 

CMP 

JC 
RETS 



A0 *MSfl address in RAM - 

1HDADE *HSB address in RAH - 

* Al *Cet 1st byte of data at RAM adr AJ 

*INDABH-M *Stor<? data in RAM add, given by 

*3NDADR 
INbAfiiH-l *Incrtinent the REGISTER no for 

*recelved 
ftJ *Increoent the REGISTER n* far 

♦sending 
AI P A5 *Test if last data moved 

NXMOV5 *]f not, j UB p to NXK0V5 



* RAHSUP * 

tfsed to copy data within the HLP RAM when * 

* the Start Address of the Copied data Is * 
greater than the Start Address at the original* 

*HSB address In RAM - 
♦MSfi address in RAM - 
*sav-e end addresa 
•calculate no. of bytes-1 
•calc . end address cf copy 

•move no, of byres- 1 to AI 

*A]"Ho. nf bytes 

*Cet 1st byte of data st RAM add.AS 

*Store data in RAH add. given by 

*INDADft 

•Decrement Address for next vrite 

*da.ta 

•Decrement Address for next read 

Mata 

•Test for last date copied 



RAMS UP cm 


A4 


CLR 


INDADR 


PUSH 


A5 


SOB 


Al .,-;" 


ADD 


A5,IHDADR+I 


HDV 


A ; ,.A' 


FOP 


A5 


LNC 


AJ 


NUMQVG LDA 


•AS 


STA 


•INBADK+I 


DEC 


INDADR+1 


DEC 


A'", 


DJNZ 


A1.NKM0V6 


RETS 
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* 

* DELM . . 

* Routine to give programmable delay In the 

* range 49u5gc to 25HSee * 

*****************************«***"»********"********** 

* Enter routine with value >00 to >FF in Areg * 

* Enter routine with value >Qu to ilF in Hteg * 

* tfelay - [2.2 * A * (B me(i32)] + 39.6uSec * 
******************************************************* 

*Save STATUS reg contents 

*Disable- Interrupt 

frPreoet Tiner Latch 

*Ensutff E is not greater than 32 

*S*t Start Control bit 

*Losb 6 value la PreBcale i start 

*Timer 

•Read current Timer value 

*Test Status tot INT£ active 

*INT2 received, Stop Timet 

•Restore STATUS 



DELAI PUSH 


ST 


DINT 




MOVE 


A, TIME! 


AMI} 


*>1F,B 


OH 


*>ao,B 


HDVP 


B.TJMCTL 


NXTIHE TOVP 


TIMER. A 


JSE 


WXT1ME 


MOVP 


t>00,TIHCTL 


POP 


ST 


BE] ;> 





********************»********************■***■********'*** 

* Thifl program is the Master Handler for use 

* with applications using the DATA-PROVTBER * 
a****^***** ********** **************•*****"*******"*** 

* MODETV * 

* Program the cull aereen TV mode in the TOP * 
*********** *** ************************ *************** *** 



MQPETV MOVP 
HOVP 
TRAP 
K)V 
KJV 
TRAP 
MOV 
MOV 
TRAP 

rov 

MOV 
tRAF 
MOV 
MOV 

TRAP 
MOVD 
MOV 

CALL 
BETS 



*>F,CDIR 

IMilO.PORTC 

A 

%BT<S,A 

6 

KS1TNTHE 1 A 
XCM2.B 
S 

JENTRLA.A 

5 

IiJJCRirs.A 
3CH2 , B 

IBAPA.,INDADH+1 

%>A,B 
GBA5ADR 



■LATCEN 
*Frogram BT4-1 



•Program TOP for full-screen 

analogue image 
•Non-interlaced f rone 



•Expression of Insertion 



*Rc pro-gran page base address 
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* HODEST * 

* Program ANTIOPE mode In TOP * 

*S*t PORT C direction to "output* 
*Comciiiifltion Lente - Active 

*Store Vtlup in Addressable LBtCn 

*BTA-fl 

*BT4-0 

*Frogra« ST4 OFF In TOP 

*DCl-l 

* 

♦Program PCI OH In TOP 
*BTl-0 i.e. Non-Interlaced 

*BT4-0 

♦Program BT1 QPP in VDP 

♦Enable HOW display 

* 

•Program ROW OH In VDP 



♦Re pro gram page base address 



MODEST HOVP 


Z>F,CDIR 


MOVP 


ir?oLio,Poiirc 


TRAP 


4 


tejv 


1ST ^t, A 


MOV 


ttStt.fi 


*oiap 


5 


MOV 


HSlfNTBE.A 


HOV 


SCH2.B 


TRAP 


6 


MDV 


XENTRLA,A 


tKIV 


ICM1.B 


TRAP 


5 


MDV 


*tROV0O,A 


tbv 


KCH2.B 


TRAP 


6 


MDVD 


SBAPA,IKDADR+I 


MOV 


*>A,H 


CALL 


•3EASADR 


RETS 





* End pf 'HANDLER* * 
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8. 6 TRAP Definitions 



a******************************************************* 
* Trap Vaetors 4 to 23 are used by the 'Handlero* * 



* 
* 



to call frequently used subroutines, thereby 
saving memory space. 



a******************************************************* 

* Any TRAP* not defined in either tne KAKDLER5 or * 

* application proe*anfflie ate assigned the same 

* address as the RESET vector i.e. ROHBEC 

******************************************************** 

* 



ADRC 


>FFD0 


DATA 


LRAM 


DATA 


COt-RAN 


DATA 


R0HB1C 


DATA 


ACttP 


DATA 


ROMBEG 


DATA 


AVDP 


DATA 


ERAM 


DATA 


ROHBEG 


DATA 


TPSCRS 


DATA 


PROVX 


DATA 


TRDPAG 


DATA 


TWRPAG 


DATA 


TPCABK 


DATA 


R.6HBEG 


RATA 


ROKBEG 


DATA 


ROMBEG 


DATA 


ROUS EC 


DATA 


ROMS EC 


DATA 


ROKBEG 


LATA 


ROHBEG 



* TRAP 


23 




* TRAP 


22 




* TRAP 


21 


<— Available fof 


* TRAP 


20 


application prog rait 


* TRAP 


19 


<— 


* TRAP 


ia 




* TRAP 


37 




* TRAP 


IS 


< — 


* TRAP 


IS 




* TRAP 


14 




* TRAP 


13 




* TRAP 


13 




* TRAP 


11 




* TRAP 


10 


< — 


* TRAP 


9 


< — 


* TRAP 


8 


<" 


* TRAP 


7 


< — 


* TRAP 


6 


c~ 


* TRAP 


5 


<-- 


* TRAP 


A 


< — 



****.***************************************•************ 

* INTERRUPT VECTORS 



* 

* 

* 
* 

:ft*» 



Con be called under normal S/V control or 
activated by external Interrupts, but not 
bo tli way* in the ease program since an 
external hardware interrupt rati tin.* must be 
terminated by an RETl instruction, vbereas 
■ S/W Trap is terminated by RETS lnstr. 

*************************************************** 
DATA UNT 3 vector) * TRAP 3 

.,**************************************************"** 

* TRAP 2 Is the TIMER rollover interrupt 
******************************************************** 

DATA ONT 2 vector) * TRAP 2 
******************************************************** 

DATA (INT 1 vector) * TRAP I 
************************************************* 

* TRAP Is the RESET VECTOR 
*************************************************** 
RESET DATA ROHBEG * TRAP 

END 
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LECTRICAL. SPECIFICATION 



9*1 



OSHUTE 



HAXtMUM RATINGS 



Supply voltage Vgp -Q, 3 to 10 V 

Supply voltage Vdd -0.3 to 10 V 

All Input voltages .......,,,,..,,.. , -0.3 to 10 V 

Continuous power dissipation .................. J w 

Operating free air temperature range to 60 C 

Storage teaperature range- ,,,j -55 to +140 C 

KaJiimuin short circuit output current ,.,,...,,, mA 

Ail voltages are with respect to Taa 

Stresses beyond those listed under 'Absolute HnnimuiB Ratings' mav 
cause permanent damage to the device. This i» a stress rating only and 
functional operation of the device at these or any other conditions beyond 
those indicated in the, *R« commended Operating Condlltione' section of tbis 
users guide is not implied. Exposure to Absolute: naximuig rated conditions 
tor extended periods may affect device reliability. 



9.2 



RECOMHEKBED OPERATING CONDITION 



PARAMETER 



I KIN 
H 



iwm 



Supply voltage Vgg 
Supply voltage Vdd 
Supply voltage Vss 
High-level input voltage 
fall inputs except OBE and ODE) 
High-level input voltage 

(OBE and ODE inputs} 
Low level input voltage Vil 
(all inputs except OBE and ODE) 
Low level input voltage 

(OBE and ODE inputs) 
Low level output current 

( 5CM, SLL fi SCT outputs) 
Operating free air temp. Ta 



Vih 



4,75 
2,85 



2.2 



2.7 



5 

J 




MAX 



5.25 
3.15 



Vgg 
VgS 

o.e 

0.6 

m 



tMlT 



n 

'-■ 

V 

V 
V 
V 

V 

DA 

c 
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3 3 ELECTRICAL CHARACTER ST I CS OVER FULL RATCE OF HECOMHeHHED 
OPERATING CONDITIONS (UNLESS OTHERWISE NOTED) 



PARAMETER 



I 



jvofr High-lew 1 

Output voltage 

I 






KAS.CAS.OE 
Ufc,D(0-7) 



MP (0-7 J 
HIZ 



READY 



S,C,B,1 



Vol Low level 

Output voltage 



|RA5,CAS,OE 
|WR. 0(0-7) 



MP t0 -7) 
HIZ 



READ? 



R |C t B j I 



I D(0-7> 
lih High level 

input currest I HP (0-7) 

+- 



TEST 
CONDITIONS 



lob- i-SaiA 

Cl-50pF 



loh- 500uA 
CI- SOpF 



loh» 250uA 
CI- 50pF 

I oh- 5tMJuA 

CI- 50pF 



Iol» S.SbA 
CI- 50pF 



lol- UOmA 
CI- 50pF 

lol- SOOtiA 
CI" 50pF 



lol- 2.0nA 
CI- 50pF 



111 Low level 

Input current 




lozh Off-atate output | B(0-7) 

current, high 

level voltage | MP [0-7) Vo- 5.25V 
| ap.pl led 



MIK TYP HAX 



2.i 



2-4 



2>* 



2.4 



0.6 



0.6 



0.6 



0.& 



UNIT 
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Idd Supply current froo Vdd 



leal Off-state putpuc| D(0-7) | Vo- 0,4V 

current, law | | 

level voltage f MP(0~7) f Vo- 0.4V 
applied J | 

IgB Supply current (tain Vgg | Vgg m MAX 



Vdd - MAX 



Ci Input capacitance I MP CQ-7) | F*I mm ? 

- — i - -+ 



(All others) f-] HHi 



Co Output capfleitanet|MP<0-7) 

|DfO-7) 



f"l MHi 



-100 



-200 



I OS 



140 



70 IQO 



15 



10 



15 



1 U ^ fa M ^ ■ 



lAll ether* f f-1 HHi | 



10 



uA 



uA 



nA 



:-.'■ 



PF 



PF 



-TIT _ 



pF 



*11 typical values are at Vgft = 5V, Vdd-3V ( Ta-15 C 
NOTE: All voltaget are with teapeet to Vbs unlese otherwise noted 
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*.* TIHIHC RFQUIHlMfiHTE OVER FULL RANGES OF RECOMMENDED OPERATING 
CONDITIONS 



PARAMETER 



| HIH T« HAX | UNIT 



DHA oscillator eytle tine 
time base DBCillatoir cycle time 
El,E2 cycle Elm* 
3MP cycl* tioe 

delay tine RDY high to El.EZ low 
Et,E2 eet up time before RWH Ion* 
El, El hold time after KWH high 
El, £2 pulse width El end E2 high 
pulse width, F«H lnw 
tau(MPSWL) data set up tine before RVIH low 
th(RWLMF; data hold time after RWH low 
teu(ELDDL) set up time, F2 low to ODE lew 
teu(RWHODL>oet up time, RWM high to ODE low 
tsu(bCH) data set up time before CAS high 
th(CRD) data hold time after CAS high 
tdi&CCHDl data disable time after CAS high 
twl(HMP) pulse width HMP lew 



EC (ODE) 
tc SOBE ) 
tc(E) 
t(L(HM?l 
td(RDTIEL) 

tsufERWL; 
th(RVHE) 
twh{E> 
tul (RWH) 



no 

See par*. 3.7.7 

See para. 3-7*7 

10 
10 

tlO 

110 

40 



" I 



n 
220 



35 



NOTE* Timing measurements are made at the L02 and 90S points of input and 
clock transitions- In addition, HI max aad Vih -in ai»t be met at th* 101 
and 90* points. 

- This ia a system timing parameter only and need not b* respected It all 
cases; see paragraph 3.7.7, 
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9.5 SWITCHING CHARACTER SHCS OVER PtlH, RAKGES OF RECOMMENDBD OPERATING 
CONDITIONS (Independent of DMA oaetUutor frequency} 





PARAMETER 


1 HI" TTP 


MAX | 


■ 

UK IT J 


1 tae(ST) 


status register iccess from El low 




no i 


1)9 


| ten(ELHP) 


HP bug enable time ofter E1.E2 low 


I 4D 


1 


DS | 


j tau(MFRDH) 


data set up time before RDY high 


I 5 


I 


ns | 


j th(EHHP) 


data hold time after El,E2 high 


1 50 


j 


ne [ 


f EdfELRDL) 


delay tjue ( E2 low tn RDY low 


1 45 


90 J 


ns [ 


J tdfRWHRDL) 


delay time, *WM high to RDT low 


45 


90 | 


rtS j 


1 tdlsfCLD) 


disable tlrae, CAS Idw to Dn high z 




| 


TlS | 


1 th(CLCA) column address hold time after CAS low 


IS 


I 


M | 


1 tenfHSHPj 


enable time, HIZ high to Dn driven 


20 


| 


ns 


1 td(CHHZH) 


delay time, CAS high to HIZ high 




15 | 


us f 


1 Cd(PMP) 


delay Exfli, Dn valid tn W*n valid 




I 


r:? 


j td(ODLRL) 


delay time ODE low to SAS low 





1 


na 


J td(DBHIn) 


delay time OBE h± B h to I high 





I 


rw 


j td(OBLrL) 


delay time OBE low to I low 





! 




I td(OBLfcCB> 


delay time OBE low to R t G,B valid 




| 


ns [ 


F th fDBLfiCfi} 


H,C,B hold time after OBE low 




I 


ns 


1 td(OBLSL) 


delay time OBE low to SU, low 





90 | 


na | 



See paragraph x.k.x. 
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9 e SWITCHING CHARACTERISTICS OVER FULL RANGES OF RECOMttElfDED OPERATIVE 
CONDITIONS {Dependant on MA OBcillntDr frequency) 



PARAMETER 



I 



|BKA CLOCK 
I CYCLES 

jom [OPT! 
-+ 



te(W> 

tc<RD> 

tt(F) 

tW(CH> 

twCCL) 

tw(RH) 

tw ( RL ) 

tw<«) 

tw(OE} 

tsuCCA) 

tau(RA) 

Cbu(EO 



ELECTRICAL | 
VARIATION I UNIT | 
MIN m MAX 



single write cycle tine 

siitfcl* read cycle time 
CAS read double cycle time 

HAS «b4 double cycle time 
pule* width, CAS hlfih (double 

cycle) 
pulse width, CAS low 
pulse width, RAS high 
pulse width, KAS low 
pulse width, WR low 
pulse width, OE low 
column addreBB set up time 
row addre&s set up tine 
data set up Eia# before WR low 
tsu(WRH) WR set up time be E ore HAS high 
tsu(WCH) WR set up time bafoTe CAS high 
teu(QRH) OE net up time before HAS bleb 
tsu(OGH) OE set up time before CAS high 
Lh(RA)row address hold time after RAS low 
ChtWLDJ data hold time after WR low 
td(RLCL) delay time, HAS low to CAS low 
td(CLWL) delay tine, CAS low to WR low 
CdCHZLCLldeldy tins, HI2 low to CAS low 
( tae(E) reed access time Fron E2 low 
[ cd(£UL) delay time, E2 low to RAS low 
| tdCRWBM-)^*l*y U«e, RWM high to RAS low 
) td{KPLK7.Urfelay time, HHP low to HIZ low 
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s£ 





-C-' 



;F £ 



r-K 



V 



( 






J 3 



I 



53 



H 

IS 

if. 



9t 



i el H a 
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FIGURE 9.2; CPU - TOP WRITE CVO.E TIMING 



ODE ~\ J \ / \ / t / ^ ' 

_ tcCE) 



El.EZ 



wm 



■^-tsu(ERtfL)*-j 



RDY tsu(MPRUL| 



MPO-KP7 



twl(RWM)^- 



M 



td(RDHEL) 



:{RVKRflL] 



-*, U*th(KtnJ4P) 




i f note 1 



vrtt* data _> 



Note It Read/ etays hig.li for accesses to registers to 7 



FIGURE 9.3: CPU - TOP MEMORY PEAD CYCLE TIMING 



ODE ~~ \_ 


_J ' 




■enfELOflLI 


/ 


\ — / L_ 


J 


* ' 








r 


El * 


L 


■ 






m. 




E2 




td(ELRJ>L) 






RUM 




1 




-•— EflutHFRDH 




RDY 


' 


' 




-*" 


— .»-« 


Si 


tacCEJ '«-1 

en(ELMP) 




1 


*- th{EHHP) 




irtV*l ><i 


valid read data 


XX? 





















FIGUIE 9.4: CPU - TOP STAtUS READ CYCLE TIMING 













EL 




EZ 






RUM 






RDY 


i-wcn ■ ■- 


■*■ 




— - ttl<EHMPj 


— 




*-ten(ELMP3 






MF0-MP7 — < 


Invalid data >< 


valid read data 


* ' * 



Document Scanner par humeur@orange.1* i Search a TI99/4a and Exelvision Computer 

contact me 



HMP 

BIZ 
RAS 

CAS 

WR 



-c 



FIGURE *,3: UATA PROVIDER WRITE CYCLE TIMING 
*-— — ■ tefHMP) — — 



tvl(HMP} 



tdCVIPLIiZL) 



\ 



<— td(H2LCL)-«M 



N(CLWL)-p- 



U 



^— td£CHHZH> 



EdlsfCLD) -P- 



BD-D7 jpoaxxxxxxxxxxx >< ra i, < rgr 



note 1 



CCrtfHZHD} 



Note 1: WMF bwii high impudence, dat* is output by the data provider. 

Data aet-up and held times with respect to VR arc determined by 
memory tioing requirements, ' 



FIGURE 9.6: TOP - DRAM WRITE CYCLE TIMING 
tcfU) 




RAS 

CAS 

Iff 



D0-D7 mmmmxxxmx>' 





-» th(WU» 


< DATA 


xXXXXJOUK 
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ODE 



KAS 



CAS 



OE 



FIGURE 9.7s VDP - DRAH READ CYCLE TIMING 



. twCKH) 



td(ODUL> f* H 

— te(RU) 

=fc 



twfRL) 



:;- 



tLsu(OCH) 



-m tHtOE)*- 



DO-D7 IXJOUO *XXXXXXXXXXXX ><: ROW >< COL ?<K> < , reed daiaj* OCfc 

" " tdtDHPJ*" 1 MKnte 1 



tsuttlCK) 
th(CrtE) Hh 
tdieCCHU^ 



HPO-7 )UXXXXX)U«3UUtXX^XXXXXXX J \XXXXXXj;XXXXiaXXXJOLXX]OUtX>< valid 



Note 1: td(I>MF> applies to CPU memory read cycle* only 



FIGURE 9. fl: TOP - DRAM DOUBLE READ CYCLE TIMING 



RAS f~ \— 



tc{D) 



Ck(RL> '" 



Kv(CH)p 



CAS 



OE 



"V t 

j.^ tt(P) HN- 



D0-D7 kxxXXXXXX<: ROW ** COL >- 



- c data > — < COL > " < data_ >— <* 
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10 MECHANICAL DATA 



«-FIN CERAMIC PACKAGE 




c m a n'c 



■*••*•*•« i jt i (.in. . 



I ),*1 ■ OvTttlO.IW ] 



<fteip. o i>hsi 



MlfU. * 1** Ik! HH*«|| II lUM _Hb4n D }■** IIJQ1 0| ^ hi liu I |)ll 1 I H*«> 



4Q.PIN PLASTIC PACKAGE 



* ii. j«r a.?n J: 

b — "■ 



s 



D 



JTf , e.«T| 

IB CI II > 6<JD] 



HTHFB 

i»i :■ i ' 



■ II 0-1 13 SICIlMjU ■ 






Ju.J JLL'Uuil JL-H_JL_IUI_IUL:!_- 
■ -® 



4.W* tt.BHI 

MlH, 



ItJtrHrirLwu- 



_i 



T«.»U ! 0.0 II _ 
fttiiiiHin 




r*r I 



m. 



WPtEIWDtl ID 10»lT(» 
■■•■■'" 



I 5) DllDIIOIf. 




4 VI 10 11301 Hill! 
l.\* JB IIS" Wl 

D3J! Ul«l 



— *< *— TIE 



- - U fr»* i 



■WT« i iK^pn >»uil>, HhK.Pl WWIU1 0. 11. »„ g T 0l .1 l|. m hM M „„,„ 
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1L MASK PROGRAKHED TIHEBASE STANDARD OPTIONS 

As described in section 4 the VHP contains two areas of Msk 
htt>t**m*bU ROM defining the timrtaBe paTametars. Table 11.1 gives the 
values of these parameters for a the dual 320 point option TOP. The 
latter carries the programming references XAc6Z7. It diifars fxoa the 
XAflSza version essentially in the fact that both 62 5 and 525 line modes 
display 40 characters per line. 

For the 525 line mode, a typical dot clock would be T.ISWRt 
giving a line duration of 63i78us* 
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TABLE 11. i, TIME BASE PARAMETERS FOR DUAL 330 POINT VDP 0*663?; 



I 



PARAHETEH 



I Vertical sync period (franc length) 
non-interlaced node 
Interlaced Dade 
| Character width 

I Horiiontal sync period (Hue length) 
| Horizontal sync pulse width 
Blanked area after falling edge 

□F horizontal sync pulse 
Left hand border 
Horizontal display area 
Right hand border 
Blanked area before falling edge 

of horizontal sync pulse 
Leading equalisation duration or 
blanked area before vertical sync 
pulse 

non-interlaced 
interlaced - even frames 
- odd frames 
Vertical syne pulse width 
Trailing equalisation duration 
non-interlaced 
interlaced - even frames 
~ odd frames 
Blanked area after falling edge of 
vertical aync pulse 
non-interlaced 
Interlaced - even frames 
odd frames 
Upper border height - normal node 

- subtitling modt 
Vertical display ore* - normal mqje 

- subtitling mode 
Lower border height 

non-interlaced 
interlaced - even framea 

- odd frame a 
SLL output lov level pulse width 
SCT output lov level pulse width 

nDn-lnEerlaced 
interlaced - even f raise a 

- odd f ranee 
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